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INTRODUCTION 



^ The review of research in science education for 1970 culminates 
the efforts of hundreds of Individuals. It is heartening t.o note the 
Increasing attention to science education research exemplified - by the 
large- output of reports for one calendar year. This productive effort 
represents the research activity of a wide variety of educators in the 
field i-ncluding established researchers, dissertation writers, writers 
of project reports, and others. 

A notable characteristic of nearly all of the research is its 
local nature.. Very few studies have the scope one would desire for 
adequate generalizability to the large problems in science education • 
Tliis has been a perennial j>roblem of research in the field for decades. 
Little progress seems to have been made in overcoming the problem. 

At the same time, new information is gradually accumulating in 
areas heretofore lar^^ely ignored, such as attitude development, indi- 
vidualized instruction, teaching of science- processes , psychological 
studies, and the effects of the use of performance objectives. It is 
to be hoped that as additional pieces of the puzzle are brought to the 
foreground for scrutiny and evaluation, a more cohesive picture may 
emerge and a viable theory of instruction' in science ^ucation may 
gradually evolve- N 
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* The authors of this report wish to acknowledge the dedicated as- 
sistance of their typist, Miss Judy Csizmadi, whose efforts in meeting 
the publishing deadline are sincerely appreciated • 



PART I. NATURE QF THE RESEARCH CONDUCTED 

In this report total of A03 studies is reported. These consisted 
of articles found in various journals reporting research, dissertation 
abstracts and abstracted reports of an unpublished nature such as papers 
presented at the annual meetings of NARST» 

Because of the widespread interest in studies involving new cur^ - 
riculum projects, Table 1 shows the number of sucli studies at elementary , 
junior high, high school and college levels. Inspection of the table in- 
dicates that the BSCS program continues to 'attract considerable interest, 
with a total of 17 studies reported^ Th'e next area of .interest was the 
Earth Science Curriculuin Project .at -the junior high school level , followed 
by the Science Curriculum Improvement Study at the elementary level, and 
by studies of the. CHEM Study Program at the secondary level. A total of 
67 studies dealt with some rj.^rpoct of curriculum projects comprising ap- 
p-i^oxim^ately one-sixth of all of the studies reported, a sizeable fraction 
by any standard* 



STUDIES 



TABLE 1 

INVOLVING COURSE CONTENT IMPROVEIIENT PROJECTS 



Projects 

Elementary 

AAAS (SAPA) , 
COPES ■ 
ESS . - 

SCIS 
Secondary 
ESCP 
IME 
IPS 
ISCS 

SSSP,(Ttmei Space and Matter) ■ 
QPS (Quantitative Physical Science) 

BSCS 
CBA 
CHEM 
HPP 

Nuffield 
PSSC 
Total 



Number of Studl _ 

3 

7 



8 
1 
4 

2 
2 

17 

2 
6 

••2 
1 

_3 

•67 



Three tableis (2, 3 arc presented indicating tHe focus; of 

research at the elementary^ s^tzondary and college levels. • The particu- 
lar categories selected were aL the-option of the authors of ^'-dljids reporl.V 
An effort iias been made to develop a parallel structure to tlie l%re.e 
levels although it is noted' that each of the levell^ does.iioC necessarily 
"contain identical , titles . 

' , * <* 

Review of ^Tables 2, 3, and 4 indicates^ a widespread breadth of 
topics , covered in the. research areas at alL three levels. It appears 
that soTTie of the newer areas of interest are' tho^e dealing with attitudes; 
individualized instruction; psychological- ptudi^es , tnost^ly Piagetian; teach 
ing of science processes ^nd .studies having' to, do with behaviotfil objec- 
tives. * ■ ^. " i 

In the elementary group a total of 94 studies was repeated with 
approximately 'one-third oi: those in the areas of learning theory and^ 
child deye.lopmcnt . AJ.l of the' other categories hr,d telative^'y Bq-tal^ 
numbers of studies with' the exception of indlvidualieed instruction which 
had only three. Perhaps this indicates the-nevTiess of t'hds^ arga of in- 
terest. One v7ou3d expect that the number oL^studies ' of indlvidualf^ed 
>'nstruction would increase in subsequent yearsT* ~ . ° , ' . * ^ 

The research at the secondary level includes a total of 184 studies \ 
v;ith the areas of methods of instruction, curriculum' studies , and rneas.ure- 
ment and evaluation predominating. It is interesting to .note , however, 
that a substantial number of studies of attitudes, 2l', o/s reported, fol- 
lowed by an almost equal number o/ materials studies • 

At the college l^vel 46 .of a tQtal of 124 documents surveyed dealt 
with sop.e facet of teacher education > and' 36 were designated as' compara- 
tive studies. The rest of the categories had af)p 'coximately '^qual balan'u. 

All of the studies reviewed have been reported-in^ some form in this^ 
document. Those of particular interest which .exemplified generalizablc 
results, adequate methods of research, and clarity of the findings and 
conclusions have been selected for detailed treatment. Further infor- 
mation on studies not described in detail may be obtained by examination 
of the original study cited in the bibliography. * 

Part II of this report, Summary of Research Findings, gives rela- 
tively detailed in^ormatLon concerning the problem studied, the popula- 
tion used in the research, and the important findings or conclus;Lons of 
the investigation. 
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TABLE 2 

FOCUS OF RESEAUCH (ELEMENT/vRY) 

■ ' ^ ■ J 

Categor ies Number of Studie s 

Learning Theory 5 id Child Development 34 

Concept Formation . ' (17) 

Be^iavior Development (11) 
Piagctian Studip.s . ' (6) 

Curriculum Studies 13 ' 

Evaluation Studies 10 
Teacher" Education and Teacher Traits 10 

Measurement and Instrument Development 6 

*' 

Individualized Instruction 3 

, Inquiry Teaching 1 

Comparative Studies ^ 11 

Total • 94 




TABLE 3 

FOCUS OF RESEARCH ^SECONDARY) 



Categories " • 

Concept Studies 
Attitude StL»dies 
Materials Studies 1 ^" 

Met=hpds of Instruction 
Laboratory Fracti^s 
Curriculum Studies 

Teacher Education and Teacher Traits 
Measurement and Evaluation 
Individualized Instruction 
Processes in Science 
Inquiry Teaching 
Comparative Studies 
..-Total 



Number of Studies Percent 



8 

21 

16 X 
29 
9 

15 
33 
6 

A 
7 
VI 



184 



4.4 

11.4 
8.6 

15.7 
4.8 

13.1 
8.2 

18.0 
3.2 
2.1 
3.9 
6.5 
100.0 




TABLE k 
FOCUS OF RESEARCH (COLLEGE) 



Categories 
Teacher Education 

Courses or Programs 
NSF Programs 
Attltudets 
Techniques 

Skills and Questioning Techniques 

Miscellaneous 

Curriculum Development 

Developmental Studies 

Evaluation Studies 

Student and Teacher Characteristics 

Students' Reactions to Science 

High Sphool Preparation and Co3jL.Gge 
Achievement 

Comparative Studies 

Laboratory Programs 

Methods of Teaching 

Programmed Instruction and CAT 

-Behavioral Objectives 
Total 




46 



10 
3 
6 

13 
3 

8 

36 



( 9) 
( 5) 
( 5) 
(10) 
( 5) 
(11) 



( 8) 
(15) 
(10) 
( 3) 



Percent 



37.0 



8.0 
2.3 
A. 7 
10.3 
2.3 

6.4 
29.0 



124 



100.0 
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PA:^ T II. SUMMARY OF RESEA RCH FLND INGS 

] ELEHf.NTARY SCHOOL LEVEL 

Learning Th e ory a nd Chil d Dnvcilupm ent 

In this section 34 studJcs are reported. Tliey are divided into 
ttiree categories: concept formation, behavior developmcrtt, and Pia-- 
getian studies. 

« 

Leaning Theory and Child Development ; Concept Formation . In the 
area of concept formation, Stuck and Wyne (340) compared the effect of 
equilibration type training to the effects of SR reinforcement type 
training in developing weight conservation concepts in second and third 
grade pupils. Their purpose was to investigate the implications for 
instruction of the psychological concept of conservation by using it 
as a method of testing a fundamental science concept, that of weight. 
The findings showed that the SR group performed significantly ^better 
than the control group, on the initial post-test for conservation of 
weight. No signxfitant difference wa's found between the experimental 
groups on the measure of permanence of conservation beliefs. Signifi- 
cantly more transitionals than complete , nonconservers of both mass and 
weight became conservers of weight during trainlnj^. 

In a study by Veri/xo (364) concerning the conceptions of conser- 
vation and reversibilitfy in children of very superior .intelligence , 
the results showed t)aat a subfitantial percentage of gifted children 
made abstract conceptions earlier than children in general, • Where the 
concepts, of conservation and displacement of voluine had not been grasped 
students considered the words mass, weight, and volume as synonymous. 

In another study of concept fom\ation, Voelker (366) tested chil- 
dren in grades two to six in an effort to determine concept formation 
achievement. The problem consisted of two parts: 1) Can elementary 
school children learn the concepts of physical change. and chemical 
change? 2) Does the amount of guidance children receive in formulating 
concepts have an effect on the success of their learning? The popula- 
tion consisted of two gioups of ten children each in each of grades 
two, three, i.'our, five, and six. The tasks required that the children 
correctly answer three questions: VJTiat is a physical change? \^at 
is a chemical change? How would you tell if a change were a physical 
change or a chemical chavi;;eV The second tayk was to .classify correctly 
a set of demonstrated and described phenomena as examples of physical 
changes or chemical changes. Tlie third task was to support the correct 
classification of demonstrated and described phenomena with correct 
reasons. Based on the results of this study, it wc.s • concluded that an 
attempt to teach the concepts of chemical and physical change in this 
school using this methodology probably should not be atteiapted before 
grade six. 
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An additional study concornlng concept ^velopment .was done by 
Billeh and Pella (39) in an aLtempt to discern any cultural bias in 
the attaininent of concepts of the biological ccill by elementury school 
childrenj* The problem was to compare the achievement of Jordanian and 
American children in grades three to six as indicated by scores on tests, 
designed to measure knowledge > comprehension, and application of each of 
the selected concepts when both received comparable, Instruction related 
to the conceptual scheme, the biological cell. The authors reported that 
it is not pos.^ibte to conclude that either of the populations, Jordanian 
or American, is superior by comparison in achievement on the concepts 
used in this study. 

In a study by McClelland' (211-) , a new approach to thQ Introduction 
jOf concepts of energy at second grade level was developed through con- 
sideration of the nature. of energy and of the capacities of children of 
that age. in this approach, tlie ti^rm energy is first dissociated with 
all physical chani^es. Specific c}ianges are then used to introduce spe- 
cific forms of energy. A sequence of five lessons in audio-tutorial 
format covering the selected energy concept was developed and trial 
tested among three secon^l grade clasjjes. The results showed that half 
of the interview group show .d satisfactory generati^iabillty of all the 
basic forms of energy, j Ten percent showed a satisfactory concept of 
energy as an entity. None showed a completely satisfactory" croneept of 
energy conservation. ' Indications are that Second grade pupils can at- 
tain valid concepts of energy through the medium of audio-tutorial ma- 
terials, with special consideration for the capacities of children of 
thit age^. . ' ' ■ 

Smith (316) investigated large group instfuctionar" techniques 
teaching selected science concepts to elementary school children. Pur- 
poses included: 1) to determine the feasibility of teaching certain 
science ' concepts in olenentary grades by large group science instruction, 
2) to compare the large group teaphing effectiveness of elementary schbol 
rlassroom teachers and a science specialist, and '3) to determine the 

relationship between success in learning the concepts -and- matur±tX-.-a-S. 

indicated by grade leveJ , IQ, and, sex._ Twenty-eight concepts were se- 
lected from the conceptual r;cheme "The Particle Nature of Matter." The 
experimental population consisted of 498 pupils in grades one to six in 
a midwestern elemen?:ary school. Effectiveness o£ the classroom teachers 
compared most favorably with that of the specialist at the lower grades 
and for the simpler concepts and less favorably in the upper grades and 
for the more complex concepts. 

^ In a related study by Green ^126), the feasibility of teaching 
selected concepts relating to the particle nature of matter to students 
in grades tv7o through six was investigated . The opinions of teachers 
and students regarding the feasibility of the lessons were ascertained 
by using questionnaires of a check list type, one for students and one 
for teachers, immediately following the teaching of each concept. De- 
tailed analysis of the feasibility was made at each grade level. It 



was concluded that it Is fca.sible to teach selected concepts rc-.'lated 
to the particle nature ol' inaLtar to children in. j^radcs two through six. 

'Several additional studios relating to children's ability to 'form 
concepts In specJlic areas ixv<t reported. Smith (319) investi^^ated 
children's concepts of licat* llo. first defined what is 'meant by a con- 
cept, and the distinction was made between the scientific; concept and 
'an individual's concept. A se»: of tasks covering ^a limited portion of 
thd docdain of the concept of heat was prepared with standard procedures 
for asslgniTig the tasks in an interview situation. These tasks were - 
then assigned to four groups of t'^en children in individual interviews. 
The assessments indicated tbat theoretical responses were very rare 
among first graders and the precausal responses- were very rare among 
fifth graders. Relatively unexpected was a high frequency at both 
levels of mechanistic responses, those employing an unobserved non- 
theoretical process to account for 'a ^phenomenon. * 

Another study of concept development and communication abilities 
was done by Gillespie (117). The problem in this study utilized varia- 
tions in leaf structure to study r-oncept development and communication 
In' young children. Children at all age levels exhibited great variance 
in abilities to verbali;:c concepts of leaf characteristics.. Some chil- 
dren at all ages exhibited the ability to reason v;lth unknown factors 
and to give rational exp3.anations for natural'^ phet^oinena. ^ Children at 
all age levels tended to d'.s' rlbe leaf structures'^ in ter^#^» of familiar 
everyday phenom.ena The stitJy included several suggestions or implica- 
tions for teaching, amonj; which was that serious study of nature for 
I children five years old or younger would likely be a waste of time. 

A st\*dy by Riechard (281) investigated the acquisition of life 
science- concepts by kindergarten children. An investigator-designed 
instrument entitled "Life Science Concept Acquisition Test" was us^d . 
The medium was 21. sets of colored pictures. As a set of pictures was 
presented to a subject, he was asked to respond non-verbally to a state- 
ment about the pictures by pointing to a specific picture or part of 
a picture. He was then asked to verbalize about his selection* The 
population sample involved 51 beginning kindergarten children. Among 
the findin^.s were that significant differences existed among the scores 
made on .the test.by-the subjects from tlnree community settings. The 
mean score range from low to high was iiiur^r-urbauj rural farm, and outer 
urban respectively. One findjng of particular interest indicated that 
when predicting performance on the non-verbal measure from socio-cul- 
tural variables alone, the number of years of education of the subject's 
mother and the subject's community were the first and second most usc-^- 
f ul variables respectively . 

Ryder (291) investigated elementary pupils' understanding of . 
selected science concepts with the following two purposes: first, to 
determine whether specific experiences in the pupil's background signi- 
ficantly influenced the ability to understand two concepts on air pres- 
sure, and secondly, to investigate the effects of an advance organizer 

f 
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on the pupil* 8 ability *:o understand tlie two concepts. It was hypo- 
thesized that previous exposure' to certain relevant- experiences v;ould 
enhance the ability to master the concepts involved in the study, vyhere- 
as a lack of exposure' to these experiences would be disadvantageous to 
the learner. The sample consisted of AOl tlrlrd and fifth graders of 
diverse experience backgrounds, Findings rc'vealed that p^^rade, sex, and 
treatment significantly af fecccd • pupil understanding of the two concepts, 
and that experience background had uo statistically significant effect. 
It was concluded tliat 1) the ad.\ince organizer W'as most advantageous to 
pupils with" rich experience backgrounds, and 2) the advaiice organizer 
approaclv was a potentially effective instructional tool for relating 
the content of advanced subject matter to elementary school children. 

An additional study on the*cognitive preferences of elementary 
school science students was done by Schmed(2mann (299).- The study wa.s 
designed to discover the infliiQnces of t.lie Elementary Science Study 
program and of certain strategies on tliat facet of .scientif Ic attitude 
termed cognitive preference. Two investigator-designed expfiU'iinen tal 
instruments were const ructei^ . The findings sliowed that 1) tTOre was 
no significant relationship' between tlie cognitive: pi'^ef erences of stu- 
dents and the teaclring trategies selected by their ^tjeachers, 2) tliure 
were no significant differences between the cognitive preferences of 
the students in the three groups of the study, and 3) there was no signif- 
icant relationship between aptitude a-nd the cognitive preferences of the 
students. The author suggested that questions sliould be raised' concern- 
ing the effectiveness with vhich tS?i ob*jectives of the Elementary Sci- 
ence Study* are bej.rig realijied. * 

Tamppari' (348) developed a model fpr determining biological attain- 
ment. The purposes of the study were 1), to specify biological coricepts- 
r^'lkted 'to an important therne which is taught ii existing biological 
curricula, 2) to order the identified concepts according to the learning 
theory of ):obort Gagne' , and 3) to study the attainment of the identified 
concepts by students in grades five, seven, and nine. It was concluded 
that it v;as p^ jsible to const r\ict a- model for biology curriculum develop- 
ment in accordance v;j.th psychological learning theory. The main recom- 
mendations V7ere that biology curricula shouid be constructed according 
to a theoretical model based upon learning tlieory and validated by ex- 
perts. AliJOj it was reccjnatcnded that inves tlga/ors who study concept 
at taininen t should, precis el-y define the concept . A third recommendation 
was that in the early grades there should be more emphasis placed upon 
the teaching and learning of prerequisite subject Blatter and that the 
teaching and learning of concepts should be examined in the light of 
Piaget theory. 

In a study on subliminal perception and concept attainment, Taris 
(350) attempted to determine experimentally whether subject matter con-- 
tent can be taught subliminally to fourth grade pupils. The method con- 
sisted of flashing, through tlie use of a tachistoscope , certain science 
concepts during the show of a motion picture. The results indicated that 
it v>as unlikely that subliminal learning had occurred. 
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A study on bilingual science instruction was done by (245) who 
investigated tbpci effects of bilingual instruction as rejVealed in several 
aspects of science learning. Cldldren were assi^^ned randomly to mono- 
lingual and., bilingual t'earnving methods . The" t'o'Iiowing f hypothesi s was 
tested: Children taupht bilingual ly v/ill achieve better results than 
children taught monolin^;ulcily on multiple choice tests' for vocabulary > 
comprehension achievement, and c.onceptuali^ation in science. On the 
basis of statistical evidence, the hypothesis was partially accepted. 
It was found that children . taught hilliigually sn'rpassed children taught 
monolingually only in vocabulary and iu conceptualization. 

A study on concept development by Janke (159) was undertaken to 
determd.ne the degree of agreement botveen science textbooks and scholars 
in earth science 'as to the earth jscience concepts to be included in the 
K-12 science curriculum. Ann lysis o£ thc2 results showed that scholars 
from the earth science disci pi Jnes are in general agreement on earth 
science concepts to bo Included in'^',rades K-12. 

Summary « In general the concepts s.tudies seemed to be lacking in 
a clear definition of "science concepts" . Investigators in this area 
.night be well-advised to cc:nsider tighter definitions and more precise 
descriptions of the ])robleTi' being investigated. Findings concerning con- 
cept development appear to support the Piagetian hypothesis that matura- 
tion plays a major role in concept learning ^ perhaps outv7eighing any en-- 
vironmental or instructional inf J.uehces superposed by the materials or 
by the instructional design. 

Learning Theory and Child ijRgvelopment : Behavior Development * The 
second group of studies, dealing wltli behavior development, consists of 
eleven investigations. Tlie first of these reported i^s by Raven (276). 
<^The purpose of his study v;as to determine, if a set of sequentially articu 
lated classification exercises could^gacilitate the classification abil- 
j.ties of second and third grade children. The population consisted of 
210 second grade students and 175 third grade students. Third grade stu- 
dents achieved higher scc3res in classification tasks than second grade. 
Treatment groups achieved higher scores on classification tasks than the 
control group. Practice on the more complex classification rules en 
hanced the success on simple rules. However, practice on sl'mple rules 
did not provide an advantage for succeeding on complex rules once prac- 
tice on these rulus was performed. 

In a study by Susskihd (3^*1), a model of inquiry predicted that 
students v/ould ask njpre questions and. make more declarative statements 
when the teacher asked questions at a relatively low rate and uS^d 
questions encouraging students to draw on their own experiences and con- 
tribute to a class discussion . The model was tested by oserving ele- 
mentary teachers after they had participated in a seminar designed to 
change their questioning pattern to facilitate students initiation of 
discussion. A descriptive report of the data indicated that teachers 
asked questions rapidly and most were' memory questions. Students riarely 



asked questions. Patterns of student responses In the classes of 

seminar participants tended t;u correlate as predicted with changes in 

the teachers' questioning tecliniciLies , The seminar produced s.,mall but ^ 

significant changes. -v-y 

Carter (60) stucjled the ability of primary school- children to 
generalise behavioral competencies acquired in science to other content 
sdttJn^i-;. Stu(jcnt:> in grades onV lo four whu had usccl Science- A Pro'cess 
Approach -./re te:»Le(i by indlvi dunl ly adm i.nlsl.uria^; Ihe tasks of t. lie sci- 
ence proccijr; inr^truir.r-nt. . Tr-jsks tC) asscjis the level of the same skills 
in social sludic;;, JJnc arts, and lan^);uage art:s vcrc tlien adminl Icred . 
Data analyi^jis revealed a similar orduring among students v;Jth rc^^pect to 
s«cienGe and other subject areas. Students had similar levels of com- 
petency in each, of the skills in each of the subject matter areas. 

^A study on behavioral development was done by Johnson (16A) on" 
. the effects the process appruacii upon 10 measures oi:' disadvantaged 
children. His purpose was to determine the relationships of teaching 
process approach to increasing j?.eneral intelligence. The population 
was a third grade class in a cu? .■/rally disadvantaged area. Using a 
pre-test, post-test format with r.iatched pairs, results showed that both 
groups increased thei; mean total IQ scores. Tlie experimental group in-' 
creased Lnore than the control group by a significant amount. This study 
indicated t'.at, through use of a process approach, disadvantaged children' 
benefitted the ability to think rationally, 

Scott (305) in a study cxtencfing over a three-year period investi- 
gated 'the strategy of inquiry and styles of categori/iation . Tv;o problc:ms 
were; studied: 1) VJould an Inquiry program have „a continued effect on 
children's behavior after the novelty of the situation had passed? 2) 
Would the verbal behavioral ch;in;;e£; in inquiry children in a three-year 
* study be traceable to the elements of the elements of tlie strategy empha- 
sized during this program? The results indicated 1) that lnstead__of a — - 
level! nv- off as the Hawthorne liffect d\./.ndled, the 1 .iquiry program seemed 
to have liad a persistent effect on styles of categorization and 2) the 
inquiry strategy appeared to have had a continuing effect- on the verbal 
behavior of this group of children over the three-year testing period. 

0 Several meacurabje changes were noted over the period.' First, verbal 
fluency and fle^^ibility were increased. Second, attention to detail 
became more acute. Third, inferences about . invisible attributes showed 

p a strong trend away from emotional and locational responses, and toward 
inherent classif icatory attributes. Fourth, each of these changes could 
be traced to a specif ic, emphasis of the inquiry strategy used in this 
program. Thus it appeared that inquiry training could produce measurable 
behavior changes. ^ 

Also in this group of study,' Allen (9) used a scalogram analysis 
of classificatory behavio^. The Piaget hypothesis that cognitive skills 
are acquired in a fixed orderly sequence in which mastery at any level 
is dependent upon' mastery of earlier more basic levels was tested.' Allen 
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concluded there was a general .order of emergence; grouping skills were' 
mas ter ed first -afid-^claas-^laclii s Ian _sk ill s last. A lso, it was suggested 
that before this hierarchy could be adequately tested the horizontal 
dimensio'ns for each of the levels had to be handled carefully. 

Rogers (2Fi7) attempted to determine the relationship between Che 
teacher's pert-op t Ion of his pupils and cl^kssroorn verbal behavior at 
the fifth grade level. THe "Perception of Pupils. Adjective Checklist" 
v;as used to -measure tlie teacher's perception of pupils. The population 
was 34 inner-city Clftli grade teachers and 38 outer-city fifth grade 
teachers in a lar^'^e city. One hundred minutes of verbal interaction of 
each teacher were analyzed, using the Flander * s interaction Analysis'* 
System. The rep-ults of the study suggested that classroom verbal 
havior during fifth grade science* classes .was significantly related to' 
the teacher'* s perception of his pupils. . The positive perceivers made 
greater use of pupils \ ideas , criticised less, and made less use of ^ 
their authority, ha^ more verbal participation from their pupils, and 
exhibited more flexibility in their teachirig. The negative perceivers 
made greater use^ of restrictive verbal behavior and used a greater num- 
ber of routine questions , *directi6ns , and criticisms in combination with 
each other to control the pupils' actions. Having had a recent science 
methods course v/as not significantly related to verbal behavior and to 
the learning conditions that, the teacher established during science 
lessons . 

Another study involving verbal behavior patterns was reported by 
Moon (231).' His study was designed to aualyze selected- examples of 
verbal behavior patterns in primary grade classrooms during s:.clence 
activities. The population of 32 elementary school teachers involved 
those V7ho had received an in-depth study ^of the Science Curriculum Im- 
provement Study teaching^methods and matjsrjLal_s^ The. findings suggested 
that those teachers who v/ere exposed to the teaching methods of SC15 
differed significantly from those employing conventional science teach- 
ing methods and materials, by demonstrating an increase in the amount 
of direct teacher influence displayed in verbal behavior patterns dur- 
ing science activities. A second finding was that there was a pro- 
nounced shift in the direction of much greater preferences, for higher 
level questions displayed by the experimental, teachers after the intro- 
duction of SCIS teaching methods and materials.^ 

Nelson (242 ) studied the ef£-e-cts of post-laboratory discussion 
55trategies on sixth grade children's learning of selected cognitive 
v^ills and principles. The. problem Investigated was, "vrVien.^ teaching 
sci^ence by inquiry to sixth grade children in an urban and "suburban 
scho^, v/hich of twci post-laboratory discussion strategies was best 
for cliil^ren's learning of selected science principles and the cog- 
nitive sfcLlls of observing, inferring, classifying, and verifying?'* 
Approxlmatel>y 200. students participated. The following conclusions 
resulted from^this study: VJIien teaching science in an inquiry fashion 
to sixth gradersXwi.th the objective of increasing the quantity and ' 



q.uai±i:y_oL_ijaf ar an.cef>-,_- thc-tn--t-hf»-pr obiivg -s-t-r-a tegy-w^ to be- -pr e f-er-r ed t o 

the non-probinjj f3t:r<iUef7,y . When the objective was l:o increase the qu^vn- 
tdty of observaLiuny «nade, then the probing strategy was preferred in 
the suburban .school while the non-probing strategy was preferred in the 
urban school. VJhcn the objeciLive was to ii^>creasc knowr.ed'ne of ticience 
principles, the.i the non-probing strategy was to be preferred over thCj 
probing strategy. 

A somewhat different study vz^as done by Gray (125). A comparison 
was made of the effectiveness of two learning sequences in facilitating 
the acquisition and retention of certain mathematics and science behav- / 
iors. He concluded that the integrated learning sequence was generally/ 
superior to the non-integrdted sequence in facilitating acquisition of 
the mathematical behaviors for the population defined in this study. 



of classroom verbal interaction and tg) investigate their cognitive ef- 
fects on students using cognitivli .theory as the theoretical rationale." 
Because the role of verbali/.ntion on learning has" been fouil^d to be 
rather equivocal, he attei^ipted to determine the effect that verbalized 
cues would have on the performance of subjects. The subjects confjdsted 
of 159 fourth graders who had tv70 years of SCIS sciende. The results 
indicated that while subject determined verbalisation of correct curt.s 
had no significant effect on the subject^s performance, the effect of 
teacher supplied correct cuer. was significant for the female subjects 
but not f or, i:he males. It was inferred that when cognitive objectives 
constitute a main focus of ' ci^srooni interaction, teachers should feel 
free to supply information to girls especially in individualized or 
quasi-individualized instructional settings prevalent in elementary and 
high school science classrooms. . ^ 

Summary . It appears that at least as much research interest existB 
in behavior development as^ la concept development in the - elementary 
school j> perhaps as a resiilt of increased emphasis on process goals and 
learning t?ieories in recent years. It is difficult to ^:enerali;;e on 
the results of studies of this nature. ' Hov/ever, when specific atten- • 
tion was given to behavioral outcomes in the instructional design, evi- 
dence of gains was accumulated. None of the reported Studies dealt with 
matters of retention or achievement of long-range ^oals, a potential 
area for fruitful research in the immediate future. 



Learning Theory and Child Development: Pla?,etian Studies . Interest 
in Piaget and in cliild development continues to absorb the energies of 
a large number of researchers in science education. The following -five 
studies touch upon, some aspect of Piagetian research. In a study by 
Wiegand (385), the maturatlonal view of Piaget was compared with that 
of cumulative learning related to solving a science problem. If such 
problem solving is an outgrowth of the cumulative effects of learning 
of ordered sets of capabilities that build upon each other in a progres- 
sive fashion, then it should he possible to identify the subordinate 
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simulate some aspects 
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capabilities involved in pcrfonnJn^? the complex task. . Tlic results In- 
dicated that intellectual development- was brought about by the cumula- 
tive effects of the leariiin^* of concretely referenced intellectual 
skills rather than b; the adaptation of structures of intelleGtual 
growth, 

A study on intellectual development was done by Nous (25^) to 
examine the various abilities subsximod under the process- of correla- 
tional thinking. The, results were, consistent with the Piagetian notion 
that inversion and reciprocity are not combined into one • operation at 
the concrete level but are above this atage. Fifth grade j^tudents 
were able to deal wi th^ IntraproposiLional' presentations whereas older 
students were able to deal wlfh the intorpropositional aspects lnvol\?i:d 
•v;ith the lo,<ica] operatlonsr pf equivalent and ■ reciprocal exclusion. The 
data supported the notion t-hat the ability to establish correlation w<is 
an ability specific to formal operation. . 

A third Piagetian study was done by White (38^)"^ One purpose was 
to design a task in which the change of appearance was the result of 
biological growth and development. The second purpose was to^presont 
the experimental tasks to a population and compare the ages and order 
of attainment of conservation using these materials with ages and order 
of attainment and using the classical plasticene hall materials. Both 
experimental and plasticene ball materials were presented to the same 
population. The first hypotbesis .that children attain conservation of 
mass before weight was not confirmed on either the plasticene ball or.- 
experim.entai materials. The number, of conservers increased with ag£ 
on all tasks. 'The second hypothesis'' tliat children would attain conser- 
vation of jxiass and weigKt with the biological material at a later age 
than with the physical^ pl^sj^ic^ne materinl va% supported by._the data. 
It was sugge.sted that the experimental tasks^ere^of~"a~Tn.g¥er levcTl" of- - 
comple>tity and might be outside the ordinary, range of expcriencf^s of the 
\subject5;. The" fact that a small number of 'subjects was able Lo conserve 
mass and weight on both PJagetian^id investigators' ta^;l;s suggested 
that the latter materials could ' be -.used as a measure of children's abil- 
ity to conserve conceptually at- more complex levels. ^ 

Harding (131) investigated the organizer influence on children's 
responses to physical causality. The question to be answered v;as ; 
"Are there significant differences/ to children's responses to Piagetian 
questions dealing v7ith physical causality when c]-|ildren are interviewed 
by interrogators whom tbey' perceive to occupy different roles in society? 
The various interviews ve^'e placed in religious, non-religious, and by 
telephone categories. No significant differences were found among the 
groups. Analysis of the. data- indicated that the stages did not differ 
significantly from results found by.Piaget. 

In a study on Piagetian--type tasks for second grade children by 
Kamps (174)., thirty-fdur subjects evenly split by sex were randomly^ 
« selected from second grade" classes in each of three cities, making a 
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total of 102 subjects. Results showed that the subjects exposed to the 
AAAS science program received h.i>>her raw scores on measurement tasks, 
than did subjects fron other" j;roups vhc«n compared with thoir scores on 
conservation tasks. The best ove.ral'l pcrformntice was demonstrated by 
the i^roup without unicjue mathematics or sclenci- oiper iencu-s . This r.r^^^ip 
was c}iaracteri^(:(I by a hi[.»hr.'.r doj;rec of ediicai ional attainmen-t by parents. 

^- / ■ 

liiJiPR^^JX* '^^^^ field of I'iar.etian research is still relatively un- 
explored. Conservation studies sr-om to dominate tlio current scene. , 
More subtle and complex ranf^fications ol' Piaj^et's basic theories reTnain 
open'for ihvesti^'.ation . • Al.so, tiie implication.^ for education at the ele- 
mentary and -junior high school levels have not yet become 'clear . More 
res&arch is needed on the transitional /.ones betv/een concrete operational 
and formal operational levels. Considering the normal wide variations 
among individual students in upper elementary and junior high school, 
v7ell-controlled Piagetian--type research at ^ges 10-13 could add consider- 
ably to our understandings of lea^rning -at -those levels* 

Curriculum Studies 

The first study reported in this category is that of Harty (135), 
v/ho observed attitudes toward Science-A Process Approach of fourth and 
fifth grade teachers in ERIE pilot schools *prior to an initial workshop 
session. In this study the attiti'.des of 54 fourth and fi.fth ['.i^'ide teach- 
ers from 21 pilot s^chools were studied prior to an initial summer v^ork- 
shop on Science-A Process Approach and prior to installation of the AAAS 
program durinp, the 1969-70 scliool year. ' 'A questionnaire was mailed to 
each teacher. The data and conclusions were reported with regard to the 
following variables: AAAS curriculum charactciristics , consultant func- 
tions and utilization / ahH^s't'uclent archrevemen-t-.- - -The jrjesul.ts indicated 
that older,' experienced teachers and those with graduate worlc w(?:re- most- 
familiar with Science-A Process Approach and were most favorably impress- 
ed by the program. Teachers, with -oae_J:_o three years experience utilized 
manipulative equipment more regularly than. other groups. 

The second curriculum study, by Newport and McNeill (2A4), was a 
comparison of teacher-pupil verbal behaviors evoked by Science-A Process 
Approach and by textbooks. The investigators inferred thaf untrained 
teachers may misuse S-APA materials. There was an indication that train- 
ing caused teachers to change their style of teaching or perhaps to se- 
lect different lessons after training than before. There was also an 
Indication that emphasis on science content v;as significantly less after 
training than before, Interaction , analysis without instruction v/as re- 
latively ineffectual. The interaction analysis system tells the teagticr 
what he is doing but not what he should be doing. If processes of sci- 
ence are favored over content, the S-APA pat'tcrns appear more desirable. 
If content is favored over process, patterns of textbook usage by teach- 
ers appear more desirable. • 
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There wera snvcral studies focussing?, on tlie SCI?J Glementary science 
program^, Allen (8) evaluatcid' (KTtcTin co[^;nii:ive ari'pocts of thtj Material 
ObjecLr; b'ri.it of Ihu. SCIS cvlcrit-nt ary -ycif-nco prnj;raii!. The purpose of. 
his slufly was Co i nvc-JSf 1^/11 c vhr^thAr pai'ti dipMlon in the SCIS eil ---.mentary 
r-icicjK'e prov. r a?:r at: }',radc oik- reiaiJlccWin pcwTorinanec su]?erlur to lliat ol 
j',ra<Jc: one non-part. i.e. i pant. s in \^roy,rciin whc:n r:er lain SC^IS ohjeclivos 

v/fire consJ-ic*'- d". Tltc rned i uni ' nr.ed v;a.s" iha obj eet i vcs ol" Ulio Material Oh- 
jeet.'j Uni.l. . (,nnc ) u:; i ons ' I roui llii;: study Indiral.ed I hat uisiny a) the 
Input variablr.'S 6l' J-;oc;i o-cconom Lc suainri: reacllnr^j .sc'.x, inid scienco pro- 
gram and b) tlie .crii eVi on .jnea.sur es in the obJ^'Cti vet; ol* tlie Material Ob- 
jects Unit, that first gr'ade SCIS chiJdrdn were superior to 
children, only in tlieir ability to s.eriatly order objects. A>second 
conclusion was that. ..SCIS children ej;<liibited significantly morje- explora- 
tory behavior than did uori^SCIS /:hildren. ^ 

^ ■ " - - . ■ 

Altman (10) inves^tigate^^ interaction in dnner--city ^nd advantaged ' 
classes using the Science Curriculum Iinprovenient ' Study . The population 
consisted of thirteen classes in p;rades three^ and four in inner-city 
and "fifteen fron similar levels in suburbia. ^Aiiiong tlie findings were: 
1> advantaged students engaged in more than ,*twice as much self-initiated 
talk as inner-cifey students, 2) advantaged 'classes as compared to inner- 
city classes were exposed to *Tnore. verbal co^gnitive interac-tion and les^ 
procedural inJLeractton , . 3) both inncrT-city and advantaged teacliers asked 
t^ice as many recall facts and relationship questions as obserN'ation , 
hypothesis, and. test hyiJOlliff^ :i s questions, A) in both iriner-cJ.ty and 
advanlaged areas, lab v^ork wau* a dominant part of the lesson, and in 
a comparj.son of high achieving and low achieving classes witliin c:ach 
socioeconomic art^a, high achieving cla.ssos shovjed a greater similarity 
to the SCIS recommended model. 

Two studi&.s are reported concerning teacher reactions involvin-g 
Science Curriculum Improvement Studies. The fifs't of those by -Barnes 
(26) had as its purpose to ascertain teacher reaction to an SCIS train- 
..ing cind implementation program. Thirty-three first' and second grade 
teachers -f-Tom four school districts- par.ticipiited in the study. In the *' 
findings: 1) the elemjsntary> teachers agreed on the relative merit of 
the workshop experiences^* of--- the SCIS in-service trainiitg program^ ' 
2) teachers' reactions to the workshop experiences wer^ sigrbif icantly^ 
different in August' than we rcis, their rractions the following Apri*l-, 3) 
the el^Smc?ntary teachers .consistently rated the lectures on nature of 
science low in value as an aid in implcineinting the SCIS program,. 4) the 
teachers ' reactions to the workshop experiences appeared to be related 
to the. teacher character is t J es considered , and 5) the to'achers considcre 
as most valuable the workshop activities which required tliciv active par- 
ti expat i on . ■ * . • . 

A second of the teacher reaction type studies was done by Baker 
(23) to answer the quo^stion: ''What are '^he effects of science tea'cfiing 
materials on teachers' verbal behavior during elementary science in- 
struction?" The su^bjects v;ere 50 suburban sixth grade teachers and 14 



middle and junior high school teachers. , Hic results of^ the study cup-- 
port the follov;ing propositions: 1) 'teachers usiJig- ESS materiais fos- 
tered greater studene^ involueiv.ont and_^rticipation during scl'ence % 
instruction, 2) teachers usin^ ESS materials were raore learne'i^- centered 
in their " teach in bcihavior during ^science instruction ; 3) tpachers using 
textbook materials re.stricted student involvement *and par ti^ipation' dur- 
ing science instruction, and A) ' tearJiers tising. textbook yhtiterials were 
more cotitent oriented *in tlielr teaching- bcliavior during science instruc- 
tion. , - V 

' . • •< . " ' . ^ 

tJoodruff (397) assessed* certain concepts held by selected children ' 
using the Con6'eplually Orienl.c-fci ]^ro^,r.r.mj In Elemuntary Science tpst ^'^^^^ 
science concepts and- individual ntc.rvicwji . In this study the COPER tkst ^ 
of sdience concepts was admihlVrtorecl lo all children in i;rades four and ; ^ 
six Jfter the compD.clion of a unit frojn the COPES j^^aterials. A semi- 
stanJardizcd interview schcrdule was usod with salected' pupils * ReT3ults 
indicated that the accuracy of the^COPES test appeared t6 be limited By: • 
non-science '.Vocabulary > test format, prbce.dural tasks, sentence length 
and complexity » words creaii'ifig misleading mental sets, questions contra-^' 
dictory . to responsy to a previous ■ questioji, and inclusion of designated*' 
best choice statements fully consistent with the^chlld's^ adequacy of 
concepts. 

' A study by "l^Iechling (220) dealt' with a strategy for stimulating 
the adoption and .^^f fusion of science cnrricuium innovationa among ele- 
mentary school tea^iers. He investigated means by which innovatiotis in 
elemeniiary science ►teaching', may be efficiently diffused to classroom 
.tea.c))ers. Teachers v;ere selected to adopt innovations and t£ extend 
the innovations within their schools. Findings Indicated that neither 
adoption nor diffusion was facilitated by concentrating efforts on 
teachers identified as science opinion' loaders . Dogmatism figures were 
significantly reliited to the adoption of innovations, with low dogmatic 
teachers showing greater changes • 

Another study in this group was done by Lawlor (202) on the effects- 
bf verbal. \reward on the behavior of children in the primary grades at 
a dognitive task typical of the new elementary science curricula . -The 
probieiQ -investigated" was : '^-rhat, are; the effects of Verbal rewards such" - 
'^s good^ ok, that's right, fine, exr^.ellent, etc. upon the problem solv- 
\n% behaviors of pupils in a modern elementary school science .program?^^ t 
The subjects* involved 202 second grade pupils in a middle cl"a'ss~^uburban- 
schopl.. ■ The ^experimental tasks involved catg^'S^'fizing'or .sorting tasks 
which required the children to attend to the varices physical propertied 
of objects and to group them dicotomously on the b^sis of these-'TSro^er^: 
ties. The tasks came ft'pm AAAS;^ Science-A Process Approach /First Grade; 
the SCIS Material Object's; the , ESS Attributes Games ^^nd Blocks; and the 
ESS People Blocks. It V7as concluded that the use .of ' ''verbal rewards which 
were not congruent -with behavior . resulted in less efficient problem solv- 
ing' than either'^ a neutral no-rev;ard situation or the use of ' rewards which ^ 
were .congruent \7ith the problem'^ solving .behavior ."^^ The giving of rewards 
which i;ere congruent improved the problem solving efficiency^ of. girls 
but not of boys. 
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Heath (139) attempted to dotcnninc if tihcre was a significant dif- 
ference between a group of students being taught by. a contemporary ele- 
mentary science approach and. another group of students being taught by 
a textbook oriei^ted instructional methodology in the extent of achieve- 
ment of selected rreading skills and abilities* The reading skills stiud- 
ied included word recognition, critical reading, comprehension, and 
general reading level, Tv70 samples consisting of approximately 120 
fourth, fifth, and sixth grade Students v^re compared. The students in ^ 
sample one , coatemporary programs , achieved the selected reading- skills 
and abilities to a significantly greater extent than those in sample 
tvo, textbook oriented programs. The results of the study indicated 
that contemporary elementary science instructional programs promoted 
the developirien t of science rciadlng skills and abilities to a signifi- 
cantly greater extent than thoBc pro^.rams which are textbook oriented. 
These .findings and conclusions were in "^tgreement with the stated aims of 
the newer elementary science programs and projects Reported In the review 

of selected literature. ' • , ' 

, -3 ' ' ' 

^ f ■ 

Summary * .Studies of curriculum projects generally showed that 
children engaged in 'science .learnings of the ^'new" projects were more 
actively involved, were able 'to ask more questions, understood science 
processes better, and' did at least as well, sometimes better, .on selected 
readiuii skills than those in more traditional types of science • 

^ There was consistent evidence also that teachers can be success- 
fully trained to use the nev; science curriculum materials effectively. 
It appears that training sessions with ^specific project materials were 
necessar^ to bring about th& desired objectives. Teachers- left to, their 
own* devices in using the new currd culiims without suitable preparation 
and indoctrination had piuch less success and less positive attitudes 
toward the programs. 

Evi<5ence seemi^to be accumulating that elementary science teaching 
is changing through the impact of the varied curriculum projects in 
science of receht year^. 

Evaluation Studies; ^ 

The following section consists of nine evaluatiqp studies. Carey 
(58) attempted to determine the feasibility of utilizing separate, tax.- 
onomic tests o*" a ''test consisting of- a composite of different taxonomic 
items to evaluate instructional outcomei in elejfnehtary science. The pro- 
cedure was to construct a test instrument with pqual numbers of know- 
ledge,, comprehension, and application questions. Carey concluded that 
J !)• the taxonomic .type tests allowed the determination of the;rievel of 
undexstandik^ at which pupils vere achieving regardless of the pupil's • 
level of performance of the total test and 2) levels of performance as 
indicated by earned .total test scores were^deceiving relative to the 
levels of understanding. For example, total test scores indicated a 
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level of perfcrmance below that of chance when the pupils were abj lo 
recall the cor.s.epts, Als.o, total test scores indicated a high level of 
performance even tliough pupils were achievin):', only at the knowledge and 
comprehension levels of underr»tanding and not at the application le\ol. 

' Daugs (87) evaluated the influence of multi-level reading materia? s 
on the achievement of fifth grade elementary science pup'^lls. The pur-' 
pose of this s'tudy was to evaluate statistically the inf licence of stu- 
dent placement at a reading level by mcar^ of an informal reading inven- 
tory in one kind of elementary science materials. The results indicated 
that the Informal reading inventory placCid students lower on the ma^ 
terials used in this study than did the Met;^politan Reading Achievement 
Tests. 

A third study of an evaluative nature^as done by Deady (88) con- 
cerning the effects of an increased time allotment on student attitudes 
and achievement in science. The effects of increased time allotments 
and of teacher *s preference for a particular time allotment on fourth 
grade student's attitude toward science were investigated. /The sample 
involved 324 students from 16 classrooms. Teacher- time preferences. 
v;ere determined from a questionnaire. During the school year all groups 
gained In science achievement. Changes in attitudes toward Science o<^ 
curred in both directions* No significant differences were found attribu 
table to either time allotment 'or teacher preference for time allotment, 
ond ^no"^sienif icant interactions were found between student's reading 
level or iQ and tltn^ allotment.'- ' ^ 

Walbesser (370) studied' the effect on test results of changes in 
task and response format required by altering the test administration 
from' individual to a group form. Significant differences between the 
scores of individuals on the group and individual measures were observed. 
Students demonstrateid higher competencies on the items employing the in-- 
dividual format. Changing the assessment task from an individual to a 
-gr6up format decreased the number of subjects able to complete the task 
on four integrated processes: controlling variables defining operation- 
ally, formulating hypotheses and interpreting data. More students in 
the individual format succeeded on tasks associated with assessing be- 
haviors such as naming in writing, identifying, and stating a rule in 
vriting. 

4 ' . e ^ 

Schiele (296) -developed and evaluated a model for teaching science 
in the elementary school. The jnodel was designed for the six elementary 
grp.dcs and dealt with the organizational structure, curriculum content, 
and types of activities to be performed in the classroom. Three hundred 
eighty-four children were involved in the testing. Four implications' 
were discerned upon conclusions of .the study: 1) children Indicated 
through their questions , actions , and statements that they readily 
identified the- different operations they were performing.; 2) the major- 
ity of children participating demonstrated a significant degree of under- 
standing of tlie specif ic .precepts and generalizations; and 3) children, 



whether slow or gif ted j^^^^deimonst rated that they could adapt the seqxience 
of activiticjs to their indivl^u-yl cognitive necdi;. In other words, 
learning was an individual process for them even In a group arr<o"igemeiTt * 

Anddt'tSon (13) invos/tignLed the efficacy of mutually nlcjed learning 
In science to determine 'systematic and long term use of high schoo] 
students in an instructional role in elementary school science classes. 
A group of five or six high school juniors or seniors served as learning 
assistants in an. elementary school science class, with each high school 
student working closely with about five elementary students, fliq learn- 
ing assistants taught 40 minutes per session and three sessions per week 
for 13 weeks. The basic design of the study included comparison of 
classes which had teams of learning assistants with classes involving 
only a regular tocher. Science units developed by the Elementary Sci- 
ence Study were used. The results of the study indicated that 1) the 
three major factors of school, teacher, and learning assistants influ- 
enced student outcomes, and 2) there was ar interaoti.on between the fac- 
tors of school and learning assistants. , ' ■ 

i ^ ' 

Bird (A2) investigated teacher dogmatism and teacher behavior in 
science instruction at the elementary level. The Rokeach Dogmatism 
Scale Form E was- administered to the forty-three teachers participating. 
The results suggested that this scale can be a useful predictor of 
teacher behaviors in elementary school science. Teacher dogmatism 
pl.'iys a part in teacher performance in' the classroom. The open-minded 
teacher appeared less likely than the closed-minded teacVicr to exViibit 
behaviors w^ch were inconsistent with the goal of providing students 
\;ith the opportunity to learn through inquiry.. 

In a study of teacher attitudinal- changes by Hovey (150), three 
questions were investigated. Could the projective tests of attitudes 
designed for fifth grade students be successfully modified for use with 
adults? Secondly, is there a relationship between the amount of experi- 
' ence a teacher has with a new science program, in this case SCIS, and 
his attitude toward the scientific process? And thirdly, is there a 
relationship brtt/r.en the type of training for using SCIS and teachers' 
attitude toward the scientific process? Eighty-eight kindergarten 
through sixth grade teachers were the subjects in this study. The fol- 
lowing conclusions were, obtained: 1)' training to use a program prior 
to actual classroom use did weem to make a difference on attitudes, 
yet once the realiti€^s of the classroom were encountered there was in- 
dicati'on that the training no longer made a noteworthy difference be- 
tween groups, 2) subjects strongly considered experimenting to have a 
process orientation, and 3) both descriptive and statistical analysis 
indicated that the majority/ of subjects responded positively toward ex- 
perimenting. 
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Summary . Evaluation studies were local ard specific to the tasks 
at hand. ' For this reason it is difficult to generalise regarding the 
outcomes. Ore outcome seems worth highlighting; this showed superior 
performance by elementary children on t:eFts using' rn individual format 
rather than a group format o^ items involving process skills. Perhaps 
the characteristics of skili learning by their nature- lend themselves 
to more accurate evalua,t:inn in an individual mode than in a group mode. 



Teacher K'lucation and Teacher I'Taita 

A study dealing with teach(-r education was reported by Wasik and 
Kicodemus (374) who investigated the -effects of a workshop cmd use of 
specially developed science materials on f if th grade science class- 
room practices. They reported a study of -science instructional ac- 
tivities in the classrooms of teachers who either had or had not par- 
ticipated in a workshop introducing new science materials, l^inety- 
one fifth grade, te^'achers who participated in three science workshops 
during ^].965 and, 1966 constituted the sample. The method divided the 
teachers into three conditions: Condition A, no ^orksho^ experience 
and no materials; Condition B, consisted of workshop experience and the 
vise of materials; Condition C, v/as workshop experience and no materials 
This study showed a significant difference in classroom organisation 
and classroom activities . for all three conditions except for teacher 

activities iwith small groups. The authors concluded that materials 

vere the focus of major change. Different instructi^onal strategies 
learned in the workshop and utiliiied in the classroom did not persist 
when the Uiaterials were removed. 

I Jones (167) attempted to secure information on the effect of/ the 
lacjk of teaching experience on pre-service teachers' perception of rel- 
evance of education courses. An introductory experience was deyised 
and the study .examined the effects of experimental and cpntroll/ed ex- 
periences on change in teacher behavior and concern level Tqrty-nine 
^beginning pitje^-'service teachers were randomly assigned to the treatments 
The results indicated that types of o introductory experience jhade no 
difference in change on concern level and that the type "'of introductory 
experience nade little difference in teacher behavior change. One out 
of thirteen behavior factors tested showed significant findings. The 
interaction 'analysis group became more flexible than did/ the Piaget- 
type interviewing group. It v;as concluded that flexibility may be the 
first behavior factor of those examinedto be altered by interaction 
analysis training. 

k stiudy by Geer (116) wa^s designed to analyze the effect of train- 
ing pupiis to provide feedback on specific objectives in elementary 
schi)ol science. One--hundred fifty students in grades four, five, and 
six 'were included in the study. They were divided into three treatment 
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groups, one of which received training to provide immediate feedback 
to their teacher during instruction, one group to provide feedback by 
a written response handed to the teacher at the conclusion of each in- 
structional session, and a third group received no^ feedback training 
and served as a control. One conclusion drawn ftom this study was" that 
grade level may be a significant factor in the effect of feedback train- 
ing on change in pupil achievements Also, at the, fifth grade level there 
was significant relationship between achievement pained and pupil at- 
litude* factor.s. " 

Johnson (165) studied teacher questioning behavior by investigating 
the problem: "Can questioning behavior of in-service elementary school 
classroom teachers he ^Improved in the area of science instruction by 
using a specially designed model for question analyses in a non-directive 
program of self appraisal?" Five primary teachers participated in the 
research using video-taping and a specially designed questioning dis- 
sector grid. Among the findings, perhaps the most important was the 
fact that thert: was a substantial increase in the teacher participants' 
use ,^f' observational information process^ing and evaluative questiont^ 
tov:ard the end of the study. The five teachers tended to. ask less mem- 
ory recall questions as the study progressed. 

In a study by Costa (82) an attempt was made to answ<er the follow- 
ing two questions: 1) Do teachers who are highly successful in learning 
to teach for inquiry have significantly different attitude.-^ than those 
that are not so successful? 2) Wliat are some of the effects of an in- 
quiry in-service program on an entire school faculty with respect to 
attitudes, perception of teachers' behaviors self-concept and classroom 
interact ic/H? Approximately 120 teacliers' participated in various aspects 
of the study • The main conclusion was that to 'learii the behaviors of 
teaching for inquiry required certain identifiable attitudinal charac- 
teristics. Teachers who possess these characteristics seem more able to . 
adopt the behaviors of teachers of inquiry than those who do not. Those 
members of the faculty group who dem.onstrated the greatest change in at- 
titude, self-concept, perception and behavior alsp possessed attitudinal 
characteristics similar to those highly successf u^teachers of inquiry 
identified in the referent group. 

In a study by Wallen (371), an analysis was made of the opinions 
of elementary science by two groups of teachers. Wallen investigated _ 
and analyzed the opinions of 280 teachers about teaching procedures, 
materials, content, and time for elementary ^'Chbol science. One group 
of teachers included those who had received instruction in the inquiry 
approach (SCIS methods) and the second group included those who had 
training to teach from a textbook only. Among the conclusions were: 
1) the inquiry . types of methods courses were better oriented toward 
educating teachers in obtaining a wholesome attitude toward science 
teaching and increasing the teacher's intere^. in science, and 2) the 
inquiry centered teachers , a) have h^d ; education which has .guided them 
in the selection of science content directed towards the achievement of 
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elementary science objectivcis, b) were bettor equipped witli pliysical 
and library facilitlef: which enhanced the eloTnentary i;cif.ncc* program^ 
c) have a program v;hich was bolh proc*oss and subject matter wliereas 
the textbook centered teachers' program watj subject matter centered 
only, d) spent ir.ore time on science, e) provided opportunities for five 
essential' learning expediences: observation, measurement, experimenta- 
tion, data interpretation, and prediction, and f) were better qualified 
to cope with the problems involved in classroom management and the 
necessary aids to classroom procedures for teaching elementary school 
science. 

D. F. Smith (318), investigated the relatio.iship of teacher sex 
to fifth grade boys' sex role preference. This study was stimulated 
by the belief that our elementary schools "have been overly feminized 
for the past half century and that a realization of the potential dam- 
age of this state of affairs, particularly- wiuli respect to boys, has' 
led to an incrfiased demand for a greater number of male teachers in the 
elementary school . The primary purpose of this investigation was to 
determine tlie effect of the m^lc teacher on the male pupil. This study 
involved a sample of 20 male and 21 f&male fifth grade teachers and- 
their students* Teachers were matched as to age, marital status, teach-, 
ing experience, educational preparation, and contrasting psychological 
and biological sex. " The results showed that 1) introducing a male teach- 
er into the classroom was conducive to reducing the degree of psycho- 
logical feminacy of boys, 2) the male teacher had a positive effect on 
the development of a positive school related self-concept of boys, and 
3) while male teachers seemed to have ..a positive effect on the achieve- 
ment of boys on mathematical problem solving, no such effect appeared 
with respect tc computation or science. 

G. F. Smith (320) investigated the effects on student achievement 
in elementary science programs resulting from in-^service training and 
the use of additional instructional' aids. In this study 24 teachers 
from a scliool system not using the new elementary science programs 
tsught representative new units to over 500 students. These were vari- 
ations in in--service training and in the amount of classroom science 
equipment provided. For each unit, the teachers selected for training 
received a teacher's guide and specific training for the unit. The 
teachers not selected for training received ' only a teacher's guide. 
Some classrooms received sufficient laboratory instructlona.l aids to 
allow students to work in small groups of two to four" istudents. Others 
received minimal equipment so that their lessons included demonstratlo;is 
rather than, maximal interaction of children with materials • The find- 
ings ishpwed that additional equipment resulted! in^ sig'nif icantl^s greater 
achievement only at the first grade level/, but that all pupils expressed 
a preference for additional aids. Specific' teacher training for the 
unit did nor produce significant differeijices in pupil achievement. 

Sttmmary > Several studies of /teacher traits and education focused on 
charc^cteristics indicative of inquiry teaching. It appeared that- kind and 



availability o£ materials played a^'major role in development of the 
requisite Inquiry Leaching behaviors. As noted with the curriculum 
studies, teachers who received specific training through materials, 
audio-visual techniques, and in-service programs showed significatnt 
behavior changes tending toward inquiry teacliing methods. One might 
conclude that energy, spent in* facilitating behavioral changes in 
teaching science pays dividends^ in proportion to its direct applica- 
tion to specific courses and tasks. 



Me asu r emen t and Instrument Duvclopinent 

In tliis category, four studies dealt with tlie task of developing 

instruments for special .resx^arch .jirpJilejus^.,. ..The first of these, byj 

Doran (96), concerned the development of test items related to selected 
concepts reteiLcd to "The Particle Nature of Matter." The purpose of 
the study was t^o develop test items related to the. conceptual scheme 
that were valid, rgiliable, and usable with pupils at grade levels two 
through six. Criteria were set up for establishment of item validity 
and usability of the items was judged on the basis of scoring, adminis- 
tration, and minimal reading demands upon the students. Two items- in 
the test satisfied all eight of the criteria and 10^ of them met six « 
or mo^e of the criteria. 

Kernaghan (181) developed and analyzed a pictorial physics test for 
grades five and six. One-hundred items in six physics areas were developed 
for graded one through six. Through the use of pictorial questions in a 
multiple choice format, 850 students were asked to choose the one that 
vjas true in relation to the stem. The vide distribution of scores for 
both tests indicated the measurement of a wide range of abilities with 
respect to the subject liaslc under^itanding of physics. Several other 
conclusions led to the general* consensus that pictorial tests can be used 
successfully with grades five and six to measure physics principles, 

Farrell (106) attempted to construct ah audio-visual instrument as 
a means of identifying elementary school teachers v;ho v/ere superior in 
evaluating science instruction. Use was made of a slide serie.s of 120 
kodachroihe slides depicting good and poor science learning. Findings 
showed that teachers ^ated by their principal as successful science 
teachers may not necessarily recognize quality science teaching. This 
implied that personal ability was not the only factor necessary for 
recognizing such teaching. 

A ^tudy attempting to show the relationship between, mathematical 
skills and .scieritif ic proce^sses ' in the sixth grade was done by Beltran 
(32). Major purposes of the study were 1) to identify and analyse basic 
scientific, processes and matr^e'matical skills germane to process teach- 
ing of science in the sixth grade and 2) to design and construct two 
types of process oriented science exercises. A sample of 175 sixth grad- 
ers was used in this study. Results indicated that the potential of 
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Correlative process teaching of science and mathematics in the sixth 
pVade vrhich makes use of the structured type of science exercise should 
be explored and the suggestion is^..made tliat f urther^^^explanatio'h of the 
efficacy of correlative process of teaching; of science and mathematics 
^^'^P- ■ ^ ^'^i^^ . 

Summary ■ Studies of measurement and instrument, development were 
severely limited at tlie elcm^intary level, l.imlted information was 
given on validity and reliability. Usab J tity beyond the .specific tasks 
for which^ the in.st rumen tjj were designed is cixtVemely improbable. 

^- ■ . \ 

Individualized Instruction 

Reflecting the rise of interest and increased usage of individ- 
ualized instruction methods in the elementary school, three studies 
are reported. The first of these by Yarrison (398) was an exploratory 
study of the use of a method of individualizing instruction in the 
teaching of science to sixth grade pupils. A purpose of the , study was 
to pbtain data on v;hether there were differences between children taught 
by ^individualized instruction and children taught as a whole group in 
certain aspects including attitudes, interest, pupil . judgement Tof teach- 
er behavior, problsm solving skiir7 and understanding of science con- 
cepts. Two p.roups of sixth grade pupils totaling 75 children were used 
in the study. The groups* were similar In mental ability, chronological 
age, and proportion of boys and girls. Among the findings were that 
the pupils in the individualized group were able to learn science _ con- 
cepts and skills and^ carry out activities independently • Most of the 
pupils stated that they^ preferred individualized instruction to group 
instruction. It was recommended that further research be done of a . 
similar type comparing individualized instruction and group instruction, 

b ■ • 

Gain scores in science of students v/ho used individualized science 
materials and those who used traditional textbook materials were com- 
pared in a study by Charles (68). The main purpose of the study was to 
determine if cloze tests were sensitive to gain measurement when an In-- 
dividualized approach and a traditional textbook approach to science 
instruction were used. °A sample of 300 children equally divided among 
boyfe and girls V7as used. The instructional program covered three weeks. 
Several conclusions were 'drawn: 1) cloze test ins^tr-uipents -were sensi- 
tive to gain measurem;ent7"2)" the individualized approach to science in- 
struction "^was. not superior to «the traditional Science textbook approach 
in terms.. pf cloze test gain scores fo,r the three week period, and 3) 
cloze* test results were valid measures of reading comprohension ability , 

Neujahr (2^3) . analyzed, teacher-pupil interactions when instruction 
was individualized. A class of sixth grade pupils was video-taped for 
a week in mathematics , social studies., and science. Each of the three 
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teachers worked primarily with individuals or sihall groups. Among the 
findings were that' teacliers and pupils have far different roles in the 
two methods of teaching: individualized and traditional. In the indi- 
vidualized mode, pupils make far more initiatory moves- In this study, 
they did 50 percent. of the structuring and 24 percent of the soliciting, 
The teacher did over 50 percent more responding. Iflien analyzed sep- 
arately foji^-b^ya^and girls, it was found that the average girl made 70 
percep^^'lnore moves^^Etmrr the average boy. The girl talked more with the 
teo/ciher because she initiated a higher percentage of interchanges with 
le teacher than did the ^avei^age boy. It appeared that boys and girls 
/play the game of individualized learning in different ways. 



Summary . Tliree studies do not provide ao adequate basis for rig- 
rous generalijiation;5 , however, it doe^-a^Jpear that some tentative conc- 
lusions may be drav/n. While fhe evidence does not suggest that indl- 
visualized instruction ds superior to more traditional approaches in 
promoting student achiev(!iment , it does indicate that with' individuali- 
zation J5tudents do learn science concepts and skills, that they can 
carry out activities in^jjependently , that they xfiake far more initiatOTy 
moves, an,d that they prefer this method of instruction. In view of the 
fact that these results are all consistent with the recognition of in- 
dividual differences in learners, it seems that further research on the 
'Utilization of individualized instruction would enable us to move be- 
yond the lip-service stage to the Effective implementation of an impor- 
educational principle. 



Inquiry Teaching . ' . s 

A group of studies is now reported concerning inquiry teaching in 
the elementary school. The first of these by^ Galey (112) related to 
the lack* of preparation of elementary school teachers to use the new 
elementary science curricula which,, employ inquiry. The null hypothesis 
of no signif icjin't^'dif ference in abilities of two groups of first grade 
children to classify objects after one group Is taught by inquiry tech- 
niques in television lessons and the second by the same techniques in 
classroom lessons was not rejectiid. Inquiry teaching techniques were ■ 
as effective in television lessons as in classroom lessons in helping 
first grade children develop and use the skills of classitication. An- 
other conclusion showed that students could be motivated by television 
lessons to continue^ experimenting of their own volition after the close 
of the program. 

Schlenker (297) attempted to determine whether a physical science 
inquiry. 'development program achieved significantly different results 
than a traditionally taught program using similar science content when 
taught to elementary school pupils in grades five through eight. The 
sample consisted of 582 pupils in fourteen classes. Among the .conclu- 
sions were the following: L) children who studied under the inquiry 
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development program achieved significantly greater fluency and produc- 
tivity in using the skilly of inquiry or critical thinking. The other 
-two conclusions indicated no significant differences in the ^mastery of 
content or in the retention of "knowledge between the two methods of 
study. 

r 

Schmiess (300) attempted to determine whether sixth grade students 
could successfully enr,age iu scientific investigation. The success of 
the studcuLs' invGstif;ation was measured by their proficiency in solving 
selected problems, interest .-^n science, and grov^th in solving n6w prob- 
lems. Results showed that the question whether sixth grade students 
had t)iG ability for scientific invcstlpatjon could not be answered sta- 
tistically. No significant differences were obtaJned between fHgh, 
average, and.lov; achievers on interest. The^o was no significant dif- 
ference betw-en bxjys and girls on solving selected scientific probljBtffe> 
interest j and ability to solve new problems. 

In a study by Rains (2-73) , again comparing inquiry centered and 
traditional science^ in elementary schools, the results indicated a .sig- 
^nif icant. dif f eren^e in teacher-pupil 'interaction-^in the two methods of^ 
presenting"science in the elementary school. The traditional science 
teacher had significantly more teacher-pupil Verbal interaction than 
did the teacheV using an inl:iuiry--centered learning approach. It was ' 
found that boy-girl interaction was significantly l/igher in the inquiry 
'centered learni-ng .scie^nce than in the traditional science methpd. 

^\ 

In a stXidy by Abraham...(l) the effects of 'post-laboratory discussions 
pdri -science on selected inquiry skills were investigated. Children in 
four si*Kth ^rade classes' from an inner-city and suburban schopl were 
selected' for the study.. The effects of two different post-labor a^bry 
disctjssions were 'investigated with- respect to four specif ic 'inqui-ry 
skills :* observation,, inference^ verification, and classification. Re- 
sults inj3icated that 1\ the .instructional program had increased the skill 
of observation, but both discussion techniques were equally effective, 
2). divergent discussion was significantly more effective for develqping 
the skill of . formulating inferences flrom observation,, and 3) neither^-., 
discussion technique was more effective for developing the skills of 
verification .and classification. ^ ■ 

Bpyd (A8) attempted --to demonstrate that conceptual categorization 
behavior of deafe children could be altered by specific experiences in 
»the manipulation of objects,\ The. Goldstein-Sheerer Object Sorting, Test 
,was used for the measurement of conceptual categorization behavior,;. The 
results supported the rej ectionXpf the null hypothesis that participation 
. in specific inquiry would, cause lio^ significant change in the abstsract 
categorization behaviour of deaf children. Thifj conclusion was justified 
in that the conceptual' categorization, behavior of deaf children was al- . 
tered by specif ic experiential enrichment, 

\ ' ' -ft 
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S.uminafy > A feature of the inquiry studies worth noting is the ab- 
sence oi.'. def initions of fiiqulry tcachin/;. . liroad charact eristicsi^of 
teacher-pupil interaction, quusti onin^j , an^ practice of science process- 
skills seemed to characterize tlie type of teachini? called . "inquiry", but 
tight definitir^ns were absent. One Would hope that fvuture studies d£ 
"inquiry* teachJ ng 'would begin to clear up thQ pravalent; confusion by de- 
fining th^ problem and terms carefully. 

Comparative Studies 

^ - ' - I ■ 

Following is a group -of comparative studies in e"lementary science. 
The first of these by Thornton (-355) compared the effectiveness of pro- 
grammed instruction, educational television and traditional teaching. 
In this study a 35 item, multiple choice test was -^used before and'aftcir 
instruction of 452 grade six students in a unit introducing human biol- 
ogy. ..The material wa^s taught by six liftear programmed lessons, six 20 
minute television lessons, traditional classroom methods or a combina- 
tion of tdiese. The results showed that traditional classroom , teaching 
produced significantly higher • student anhievcinent than educational tele- 
vision or programmed instruction used alone or in combination and no 
signif d!cant difference in achievement .wl;en compared to a combination of 
a]l three methods. Educational television and 'programijied instruction 
used alone or in , combin£;ition produced no great^.r achievement than no 
science instruction. Information, about the kind of test, whether it 
was factuaJL, problem solving, reasoning oriented, or some other emphasis > 
was unavailable. 

In another study, Gallagher (113) compared the effects of instruc- 
tion, presented in the individual audio-tutorial mode and the teacher 
directed ^rbup mode. Three hypotheses were formulated. The first was 
that^ pupils, ins'tructed individually in the audio-tutorial-^mode would be 
distracted from their tasks less than pupils who were instructed as a 
group. The second hypothesis was that pupils who v;ere individually in- 
structed would demonstrate greater achievement on the post-test than 
pupils who received group instruction. Hypothesis three stated that 
pupils' who received their initial sensory input lesson individually 
and had s\4:)S.equent instruction in.- a teacher-directed, group would ''demon- 
strate greater achievement on the post-test than pupils who received 
InstructjLon in only one mode.. The findings indicated that hypotheses 
one. and three were not rejected. However, liypotliesis two was rejected 
in. this study. Curriculum developers and teachers may conclude^ that 
instructional tasks should be assigned to various instructional modes 
depending upon tHe outcomes sought. 

A study was done by^ Jourdane (171) to determine if children who' 
attended a bilingual math-science center would increase their level 
of performai\ce on a test of problem solving and* scientific thinking 
to a greater degree > than would their -counterparts. Eighty-six sixth 
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^,radG students in an elementary school were toasted with the Sequential 
Test^ of Educational Progress Science developed by ETS, The re- 
sults shoved lhat tlie experimental gVoup whd c)i attended tlie center im- 
proved considerably more than did the control group. The author con- 
cluded that a nsath-science center should be a basic part of every bi- 
lingual school . 

Wise (392) studied outdoor vorsu? indoor learning in' elementary 
. school science. The problems investigated were: 1) "Do students acquire 
more science knowledj^e^, more comprehension, and haye j^,reatcr retention 
when taugbt by the direct experience approacli than when taught by out- 
door or indoor classroom approaches? 2) Do more studunt5s make obser-- 
vations of the outdoor environmciut when tjnij^^ht by the direct experience 
than when taujflit by the othov tv;o approaches? Three fifth p.rade clus^s- 
rooms, with" a} total, of 2G1 students were used i.n this'study. Results 
showed that significantly, more students ^in tho. direct experience group 
had made outdoor observations in rela^tion to the science content studied. 

Pagano (259) did a compaitison of the effects M four teaching 
strategies on the acquisition, retention » and transfer of selected sci- 
ence concepts in the sixth grade. Results showed that teaching stra- 
tegies tin which concept verbalization took place in the form of student 
summary statements or in which the concept was not verbalized, had a 
significant advantage oyer oj^er treatments, both ^ith respect to im- 
mediate recaj.l and retention. Also, teacher verbalization of a concept 
was essentially ineffective in producing significantly higher' mean scores 
on measures of concept acquisition, retention, and transfer. • . 

Luong (209) attempted to determine the relative effectiveness of ^ 
two methods, discovery versus reception, in teaclrlng the principle of 
work. The subjects were 80 fifth graders and 80 eighth f^raderf?. He 
found tliat at the eighth grade IciVcJ. the reception approacJi yielded 
better results in both tests than- the discdvc-?ry alpproach. At the fifth 
grade level, no statistically significant <9Jfferenco was detected but 
results also. showed that in both tests eighth gr^ers obtained a sig- 
. Mlif icantly higl«r score than that achieved by- fifth graders. 
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, Marshall (218) investigated three methods of science instruction 
using fifth level students in a non--graded elementary school. The pur- 
pose of the study wa6 to compare the effectiveness of three methods. of ; 
instruction on science concepts achievement , attitude, toward science, 
and time needed - to complete the. unit of study.'. The three methodjs were * 
self -directed independent s.tudy, self -directed group study, and a com- 
feination of self -directed indep^endent and group study. Fiftj/-two chil- 
dren in the fifth level served as t.he;^. population sample. Rer^ults were 
mixed, but. generally all groups showed gain regardless of the method- 
• used in science concept achievement. *A11 groups showed'positive changes 
.in attitudes toward science regardless of the method used. The mean 
~response-;6f all groups in ^titude toward method of ii^truction was , ' 
'identical in the .positive -d'irec_tion. • " . 



A study by Hastings (138) concerned relationships betve'dn teacher- 
pupil verbal intRrac:f?aon and pupil achJ.evenient in elementary school 
science. Pindings shov;ed th.-iX: indirect teachers exhibited more ac-- 
ceptance of pupils \ ideas and asked more rquestions of their pupils than 
did direct teachers. Direct teachers on the other hand, gave more di- 
rections and 'more criticism than did^thcir collcaguosl Indirect teach^ 
err»^ classes did noL ' dlfffr signJ.ficantly in achievement from class(?s 
taught by direct tc-,u:hors. Hcp.arcl lef,;.s of the teacher's behavioral ^ . 
f;tyle> ^;jrl5> iwixde ^'^reatcr nchicvcjifont p,nins than boys. X 



Siimrn.'jrjy . Thn comparative .st'udies dealt with ].ocal and specific, 
maitcra of coucc.-rn- Ratihdr tliaiV attempt to summarize this diverse group, 
*the re.^der is directed to the individual .studies for informa*:ion. on the 
specific problems or metliods under coiJiparii;on , • 



/ 
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Concept Studies 

An intorefeting pioneer study by Morvris (236) utili/.ed word attso- < 
elation techniques ■ in the investigation- of changes of >erbal, behavior •> 
of seventh grade pupils in the ISCS program. This was an attempt to 
provide information of use to curtlculuiji writers in selecting, sequenc- 
ing, and repeating essential verbal interaction amon& the concep'C words 
in order to facilitate the acquisition of those concepts by pupils. 
This study represents a preliminary effort in the development of a les-- 
son writing 'parcldigm, Morris concluded that word association techniques 
used in this study could provide information of immediate use to cur- 
riculum v;r iters during the formative evaluation .sta^s of material ^^e-^ ' 
velopment. ^ ' / ' - ^ 

, -Cunningham^"('84) , ^compared concept attainmenti in modern\and tra- 
ditional high school physics courses.^ Four-hundrcid eighty-four stu- 
dent^i participated in the study. A test v;ds designed to measure stu- 
dentf;^ 'abilities, to use tlieir kapv;ledge of thci concept "refraction'^ in 
the solutioiTor problems. Comparisons showed that tfie modern physics 
group ^^acquired a significantly greater amount of knowledge^ of the con- 
cept than did the. traditional physics group. In general, the results 
of this study ^wupported-^ the claim th_a t_t he ^modern physics course, as 
opposed to the traditionW]r^}iysa7cs~~courfie, .^tended* to -^^emphafviz the de- 
velopment of concepts. 

" Coleman (77) investigated the achievement in sci^ince of ninth grade 

students enrolled^ in two different integrated science courses. The 

first of these was the Earth Science* Curriculum, Project? . (ESCP) , and the 

'second was^ a commercial, integrated ninth grade earth science cour:se. 

Tlie maj.n objective was to cdetermine which of these integrated science.'. 

courses was more effective in terms of .stud&rit achievement in the Se- 

velopment of interdl-sciplinary science^. cpncejJits . Three-hundred subjects 

were use.d for a period of nine month^^'in-^thj.'S study. Results ..showed . 

that the ESC? course v;as the- more effective in student development of 

interdisciplinary scicince concepts. 

■ * • 

Baker (22) investigated the role of teaching models^in science con- 
cept learning in secondary school biology. ' lie explored . the relative 
effectiveness of tv70 methods of teaching molecular biology to a ^,roup . 
of tenth grade' s^tudents . The experlmeri'tal group used a lecturc-.demon- 
sbration type presenta'tion With three dimensional models. The control 
group was taught identical content using only. a lecture approach. Re- 
sults showed.' that the oxperimental. treatment involving the^jas^e^^of two^ 
and three dimensional models of the. DNA molecule made a'^'signif i'cant dif- 
ference in subject matter achievement among those students in the. model 
group . 




Summar y > Based \on the four studies cited, concept development ap- 
poars to be fostered by the use of materials from "curriculum improve- 
ment projects anH by manipulative actlvitie? . 



Attitud e Slud i^-s . , ^ . " 

.^r* * Thlfi section inc33udes thre',* .aibsections : 1) the development of- 
instruments, 2) attitudes LowarcJ subject* ntattt.-r, and 3) miscc] laneous 
foQlis of attitudes. .The f-trst subsucClpn crmtalna three studies • 




The fiTSt was done by Baumnn (28). His uiain effort was to invest.i- 
gat^e the relationships of science interest dat-a using, three instrumental 
formats. The ' three formats v;ere^Lhe scaled ratlnyr., the ''bl.ock, and the 
card so-tt. In the bloc'.^ formaL, factors were identified by the head-- 
ing's . or \concepts . In the'sc^iled raLing factors v;ere identified by des- 
criptor adjectives or sca$Les, while «in tbe" card sort foxmat» factors 
were identified- by both adjectives 'and* concepts. The sample was 600 
high schpol students from 37 classrooms* His major conclusion was that 
format made a significant difference in the factor structure. 




ERIC 



Champlln (64) developM-^^^nd. field teisCed an instrument designed to . 
assess student belief s .about the attitudes toward science and scientists. 
His results indicated^ that student attitudes. were positively correlated 
with school setting'^ grade level, and sex, whiJ,e there was "yi negative 
correlation between student attitudes and belief scores. ITe concluded 

■ that ah accurate undetstandJ ng of scienc(? and scientists- was. not 'prere- 
quisite to having a f avcrrablP'^'attl tude t-o^^?ard science and scj.entists. 
lie also concluded that- student •ai^titiido was a primary factor in assocJ-' 
at ion- with belief and attitude -scores while school setting was of second- 
ary importance., - ' ' ^ 

' ' , ' ' / ■ ■ >■ 

Moore .(23A) m^ae'^^i'n effort^" to develop^ field te^'t, and validate a 

scientific attitude inventory The inventory consls/ted of twelve basic. ' 
attitudes broken dovnj into four subsets: ^ 1) positi^ve intellectual, . 
2) ne^gative intellectual, 3) positive emotional, ayid 4) negative emo- 
tional. Three items- were statistically controlled', namely the pre-test 
%core, 'the IQ, and the science, grade point avera^.. found that the^ 

treatments given to the experimental groups were,* more effective in pro- 
ducing positive change in the , assessed attitude;* than was the treatment - 
given the control gr4)U5. Detailed explanation^' of the treatments ar'fe 

■ foiind in the report . I Analysis of^the data indicated the inventory was 
appropriate with biology '^as well as with physical science classes. 

.i The second subsection of the study of attitudes deals with attitude 

toward subject' tcipics. Glass (119) did a s.tudy which involved a de- - 

velopmertt of an instrument to determine th^. teacher^s and student's 

educational objectives in the affective domain for high school biology. 

^ Based on the responses of the scale, a profile of educatioijal objectives 



34 



^ In the affective domain was developed.. Glass ^jsed a statistical tech- 
nique to match the profile of each of hfs students to the profile of 
each teacher, lie suggested that the instrument may be used' to .3tudy 
transfer af the objective in the ,af ifeCtive domain from teachers to stu- 
dents. 

' * .<? ' 

Krahm (192) investigated attitudes and 'opl^iions of principals and 
teache.rs involved in an experimental ear th" science program. Torty-fuu/ 
principals and si:>^ty-threc teachers, represcnf.in/^ 55 percent of the 
original G.'imple, rc'turned tho questionnaire. T)ie findln;',s were: 1) I he 
principals were more open than were the teachers according; to their re- 
sponses on a dofMnatisrn .scale and had higher commitment seo.rcs as meas'tur^d 
by the science support scale; 2) the principals*' perceived belief sy^;~ 
temfl were related positively to their appraisal of the nat.ure of th»; 
program, student learning; , and teachers' qualifications; and 3) the 
principals' perceived level of science ■ commitment was related to their 
appraisal of student learning v/hile the teachers ' perceived level of 
science coimitment was related positively to their evaluation of the 
nature of the experimental program. 

In' a study of the attitudes of high school students toward air 
pollution, Sv;an (343 ) developed and tested an instrument to assess at- 
titudes and coping responses to air pollution and to gain insiglit into 
the factors influencing these attributes. The population consisted of 
173 senior high school boys. Their concern for air pollution was mea- 
• sured by tx^o instnimt\nts: ^a forced-choice questionnaire which paired air 
pollution control with twelve other problem solving programs for cities, 
and two stories describing a specific air pollution altuation, asking 
the subject how much time he would be willing to spend working on solving- 
the probleoi. Scores indicated ^air pollution was viewed as a relatively 
serious problem. " 

In an effort to study ,the attitudes of high school chemistry stM- 
■ dents toward b.iolo;>y, VJeinstock apd. Wattevs (377,) compared attitudes 
of 65 students towards biology and chemistry. They also related such 
things as chemistry grades, differential aptitvide test scores, and grade 
point average. They found several significant differences in atiitudes- 
of students toward the two subjects in areas of encouragement to do re- 
search, modernity, of the courses, value of lectures, and value for col- 
lege preparation. ; . 

Troyer (359) investigated the influence of teachers' and students' 
educational set and the teachers' flexibility on student achievement 
in biology . (BSCS Yellow Version). He fbuiid that conceptual students 
achieved significantly higher than factual students and that s^tudent 
achievement was significantly higher under a: conceptual teacher . There 
was also a significant positive correlation between teachers ' s.cores 
on the Educational Set Scale and the Philosophic-Mindedness . Sca3.e. 



33i 



Amos (11) surveyed" iTie'opinionfj of h io]o|'.yM-c»iichGr5; ;!hcnit t.lu' Jrn-* 
portanrte o'f the scientific metljod nnJ-rclatr-d i,t to^ the (IfMicral C!t>rL'Jfi- 
cate of E,ducQtion examination provided in Lnj'.lcind . The rcstiltfi indicated 
that the teachers j^av; a need to include the scientific method in their 
teaching, but the General Certificato of Kducatipn presented Ihv. stu- 
dents V7ith facts and not: the scientific method. 

ii^' ■ ■ 

Simpson (3l3) studied the effect of teacher science support as 
measured by t]ie Science Support Scale to gnin normative data on tlie 
instrument for use with hip,li school students. He used 2A tenth r,rade 
biology teachers in a large system and also obtained data from 618 stu- 
dents. In the first phase he found a negative relationship bt-twcen thv. 
Science Support Scale value of teachers and that of the .students. In 
further study he found that students had difficulty undGrsf-andlnp, several 
items of the scale, items such as homoscxuaH s , sex deviants, roli.r^ion, 
God, Godlessness, and women, lid concluded that the Science Support Scale 
was not an appropriate in.strunient for measuring 5;ciencc support amon^, 
high school students. 

Fiegel (107) attempted to determine tlie elements whJch influence 
the selection of high school chemistry, d He' surveyed 300 tenth ^;Vadc bi-q 
ology students, 51 counselors and 43 cliemistry teachers, The rank order 
for the first eight criteria deemed important for .tenth fjrade students 
to cons3.der prior to making their decision rt^^^arding the selection of 
chftinistry v;ere: ability, vocational goals, interest:, science grades, col- 
lege plans, math preparation, student drive and scholastic avera^-.e. Fie- 
gel concluded that tenth grade biology students, high school counLalors 
and high scliool chemistry teachers thou^:,ht along similar decision makinp, 
lines when consider ing , th.e selection of high school chemistry. 

Waltz (372) studied the chemistry laboratory behavi or s which affect 
scientific understanding and attitude development. Tlie study was de- 
signed to delineate a list of behavioral practices and to ^deUermlTio v/hicl 
contributed most tq the two areas cited above. These wore measured on 
the basi'S of- the.'l'est On. Understanding Science (l^OUS) and the VUtro?'.'in 
Attitude Scale (VAS)-. "Jlie resul ts of tli.e study indicated that •!) n^-.K'.' 
of the 18 behavioral practices investigated contributed to a hettf.r at- 
titude toward science as measured. by VAS, -2) only one of tlic- hehav.ioj.nl 
objectives, namely the practicing of the behavior of. relating princ.^p^f ^^ 
from one subject area to^another, was significant, and J) none of tlie 
18 behavioral practices as measured by TOUS indicated a contribution to 
a better understanding of the methods and aims of science. 

Hecht (iAO) studied student attitudes in the Introductory. Physical 
Scien^.e course (IPS). ^This study involved 480 students. A random 
sample of 60 traditional physical science and 60 non-science students 
comprised a statistical group comparison designed to test attitudinal 
outcomes of a traditional course, Th'd groups had equivalent IQ scores, 
math scores, reading^scores , and ages and had eguivalent scores for 17 
of the 18 attitude factors on the pre-test. The conclusions of the. 
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.study indJcvjlcd 1) lIkto xjovc no nUwxif.i awl d I ( farances in Die nft i- 
t\Ktc'. tov/ards f.i:: ccinrc^pLs of tho scmant.fr cl I f fc.ron tlal l.nstrtitiKMit by 
lPf> KLiidtMiL.s (jv« )- th(» pf:ri(Ki ui a .stiliou] year, 2) l.)jorc was- sJ^^nifi- 
cuni d Lf f (iTdncfj dfiMoma rated J n Llu; allJcudc Lov/ardf> the :)i>: concopLs 
])y J1^S Gtiidont.s over a c.:aJ(fndar year» /md 3) thero was no pij.',n:l firaul 
differcTice bct:v;ceai Llio attltiudes of IPS and non-.scienco students. 

Milson (228) developed and evaluated physical science materials 
designed to improve the attitudes of the secondary school slow learner. 
He found that the presence of physical science instructional materials 
caused a significant improvement in attitude, toward science and toward 
the science l^aboratory. 

Kendall (180) usq^d selected high school physics students to study 
the scientific behaviors promoting an understanding, ©f science and a 
posi.tive attitude toward science. Ho uSed a list of 19 overt behaviors 
and found one tliat correlated v;ith nhciir understandings of science and 
five that eorreJated ^'ilii the f;tudents' attitude toward science. 

Ko; l.h (190) att empLed to assess student^; ' understandings of the 
relat. ionshi]) butwe-en seJjMice, technology, and society. Tlie rospon.ses 
of scvienco orJ.eatod and nuu-sc* i once oriented high school studentr; v/erc 
coin])ared. In th i.r-. study sci.ence oriented students showed a more po^il- 
tive attitude toward science, a better underKlcinding of the nature of 
the scientific enterprise, and a more realistic conception of the eliar- 
acteristics of scientists. Non-science oriented students v;ere v;eakest 
in areas related to the nature of science and the characteristics of 
scientists. 

Hug (151) studied -.attitudes of students toward independent study.. 
He chose ^i36 high school biology students and divid'ed them into four 
groups, three experimental and one control. Tluss— three experimental 
groups involved small group lecture , large group lecture, and independ- 
ent «jtudy. He found that tltere was no signif l(xant difference on .achieve- 
ment, but a questionnaire administered at the >;lose indicated a sub-r 
stantially higher positive attitude toward expet*iTnents by students In 
the independent study sect J on . \ 

■ • \ 

The remaining two studies deal with the climc^te of the classroom. 
The fJrst one by Ackerson (?) deals with tlie relat lonsliip betwa(m or- 
gan iy.ational cli5))at'e and tlie iMulog.y st.udent Vs T'Jerci^pt j on of biology 
practices. The organization th^'ory. of the authenticity of intc'rac: Lions 
be^twe'eti the principal and tlie biology teacher and between the faculty 
and the. biology teaclier v;as the foca] ])oint of this study. Flndin/?,s 
showed 1) ther(^^was no relationship between autlicnticity and the bi-- 
ology currieuMm practices present within the school, 2) males perceived 
the biology practices differently than did females, 3) the biology teach- 
er's perception of the esprit of the scho.ol correlated significantly 
with the biology laboratory practices ,* and 4) the biology teachers viewed 



tlu: cJ.imale of thn school as bcln^ more open than did tlic olhcjr [nculiy 
Til timber Sv . • 

Clark (74) determined whether the so-called two cultures j^np bc~ 
tv/ecn ' the hum^^iTiities and the scienros, as publicized by Snow, existed 
in Che high scriool, and if. .00, how v;idc was it and what .was its nature? 
Investigation involved the teacliers of the humanities and the teachers 
of the sciences in the schools. The results- indicated no discernible 
culture gap in the hip,h^ school. There was some evidence that the two 
groups had differing attitudes towards the function and importance of ' 
science teaching in the schools. Data revealed no sip,nificant differ- 
ence bctv7een the two groups and tl^oir personal altitudes tov/ards each 
■other. There vas some evidence that teachers in both p,rov\ps felt that 
science was a raore, presti^n ous suljjccL today llian the humanities. Tlie 
results indicaLfid that earji group had a grca(-cr knowledgtj of the key 
names and terms from its own culture than from another ctilture.. Th{;;rf^ 
was no .€*.vidcuce that scif/nce- Leachers knew more of the humanist culture 
Hum did the bn^Manities teacliers of tlie scientific culture. 

' §}^3]^}I1IJL' Attitude studies ar<' important currant topics of eon^^id- . 
eratiou. Ai. this p6int th-.u-e are still few studies v/hicli involve th/* 
developi.'iGn t of mcasurinj^ d(.'.vic<^s. Attitudes are often used' to study 
other phases of education. In the f^*.i;re it is necessary to study the: 
effects of attitudes on the. other issues and topi-^^?, and to develop more 
precise measuring ins trur.ients . ' ^ 

Materials Stud ies 

. Irs. thn.s section thirteen studies which deal with multi*-media> audio 
tutorial,, and programmed instruction arc considered. Ga:;telli. (62) -in- 
vestigated tlu^ effect i)f single topic inquiry fiims in BSCS biology upon 
critiCrTi] thinking ability and process skiliSi His study consisted of ci 
f.our gi'oup dc::iign cund used the Proc(^'^^scs of Sclcnc'e Test and the WaLr^on- 
Giaser Critter:! Thinking Appra;i,sal . Jkisulfs iiKlicated Llint critl.cal 
thiiiking 'ability could be Jinproved u.sing an i.nnnlry method 'of instruc- 
tion in biolo/^y.. The process ski ]. Is* appfrar/'d* unaffected .by tlie use of 
tlie inquiry films, 

Voi.ker (367) made an effort to compare a multimedia system fbr 
teaching high school biolc<;y v/ith a convi-ntional ap])roach . Twelve sec- 
lions of students taking high school biology were divid-ed info six sec- 
^ti.ons each of experimental and control. The. control group was- taupjit 
by the lecture-demonstration laboratory mettiod. The experimental groups 
V7ere taught through a' progranmied audio- tutorial 'iype. technique. The 
major conclusion of th'is study vjas that the multi-media system for 
teaching high school biology could be superior to. a traditional method 
in causing gainsin achievement and attitude. l?ie personality factor 
measured shOs^^ed little relationship to", the type of instruction. 
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U'ooclnum (3-^<^0 stu'iied jiifliumcc of Thysdca] ScJpncc StuJy 

y— C( - i t Li^e (PSSC) n.lir.s on c'crLciin Icai-n-inr^ cutc:oinc:r>. Ik' rtTOinirieiKled , 
Ihr^t taachevs CiciccL films on criteria otber than achi(-^veir,cMil or undtjr- 
■stani'ling of scioncc. These might: i/icluds choosing; films l:o nl.imulat:o 
interest, to b^'oak up class mc-notony, to supplement 1 ^iburatory vovk, or 
to" ;1 ticrcat:a the i.aTige and scope of/ the courije. 

Gates (115-), using 100 poor /readers , analysed the effectiveness 
of n;idio tapns vhen used as a suypplement to the Interme^iiatc Scif^^nce 
Curricul^um Study. Among the findings were that students in the expcri- 
nientai group l),had a significantly greater preference for science as. 
measured by the Prpuse .Subject/ Preference Test, 2) achieved co\irfie 
principles and concepts to a significantly greater leve] as measured 
by the printed ISCS final examination, 3) had a 6ij;nif icautly pa'^:atcr 

■ science vocabulary reading mrade level and a greater ovv'rall readin;; 
vocabvi'lary as measured by t;he California Ki^iading Test, 

/ 

Waine (369) compared/ the effectiveness of a prograT^mod text vith 
more customary instructional methods in teachiiog chemistry topics to 
biology students, he also investigated if such instruction hrr\ an 
efi'e^'.t on the final achievement in biology. This study incli.fj^d 326 
stjd.Mits in 37^ biology classes ag^d employed .tliree chemistry teaching, 
techniques: 1) programmed text", 2) customary classroom instruction, and 
.3) no classroom ins*truction » Findings indicated that the* proj^r ar med in- 
stru'^tion was superior to other melhoj^a, in achieving cl]:':-''istry hi»ovacc*ge . 
Thciy. also indicated that tb.e Unovrled'ge of fundiimental chomir. jry pid not 
■appear .. to improve biology achievement-. In another phase of the SLn.tiy 
he. determined thcit taking time from biolor.y instruction to teach chf.i- 
istry fundamentals did nof detract ■ from achievement^ in biolopy. " 

/• ^ • A study by Adelman (3) involved a str^j^t'jrcd tipproach to teaching 
. a .sciance ,principle ■ using a programmed instruction fiiMrnv He used this 

apj-^roach'in grades 7-9 and concluded that a- prop.ratr.:v.ed f Im v.^as ivit c:f~ 
fe».t-'Vo technique lor teachin;^ the principle of a p^^nduiUin. ■ h._ alr-.u 
'cojLu -ded rhat giving the rule may be useful for ei?:;}iLli jr ninth p.vaJo 
si^'J.-'Cts but giving the rule to seventh grade subjects is deT r L-ncni al 
for ]narning» He also /found .that it is necessary .to I'nc'nde inslruc-. 
ti^m that allow for the exclusion of irrelevant variable's. 

" *^ 

Steoman (332) studied the effects of prior knowledge of behav- 
^ iaral objectives on cognitive learning outcomes- when using programnied 

■ materials. The population was . a high school gene ti cs class of 14A 

st udents, Wiy-i concluded thc^t varying the form of behavioral object i.ves 
did not sig.nif irantly afreet the achievement , but mental ability and 
motivation both significantly affected achievem»e'nt . 

Marshall (217) completed ,a study involving the ^^iting and use 
'of a programmed text cove.ring t^e^'^'cted siibjects in general biology » 
She found tha^t the exparimenbay group showed no significant .difference 
over" the contjrol <:rovip in ^.'.aijy scores , mid-tf.rm examination . scores , or . 
on t^r^ f inal );|::<-l"U na tio:^ . >*h'.- deterr-.ined that tlio nxnerimontal rrovip 
cbnp}.eted ci iargiir perccnt.-'P.u of the .asHignr.uiut than did the coutrul 

ejIc « ■ . 



g5ou:». The str.Jciits who wsvd the. urop^r.-ir.- indicated that flu-y ] >i.od thi 
for., of In.'U iKii. \ iun . 

Moody (23C;) cundrictcd an cxpcr i Mf ntal study to cvaJuatf, thf acUiev 
meiit of fr^low learaevis usin;; a linear or- a ir.odif it-id li'near fcn.;at to 
-pr.^ll nnvned j ny i. rui t ion in BSCS SpiM iril I'ateriaJs. 'Based on th.- .^:t:udy 
of pVit-teat scores and iha siib-lpst :;t:or*'js,, , tlic n^odlfied Lii.o'ir for- 
mat the more -(tf f ecti ve in terms of achievement. 

A sv.rvey vas done by Thoir.pson (35*;) to investigate" tlie evtent of 
chanr.es In the level of abstraction and t))e .style of pre<=?ent,atio:i in 
hij^h school biology materials during 1.960-68. Data from this J tudy ap- 
peared to support the generalization that the differences in the naLure 
of liigh school bioloiw:,y materials of the early 60's and .t"ie hi^Oi ^ichool 
biology iraterials of 196S wore less than tlie differences betv.'een dif- 
fevei.t materials within the tespective periods of time. Tiie 196H ma- 
teri.:ls were written at a slightly liigher le^l of abstraction and tlioy 
were less descriptive and more activity oriented. 

Potte-nger (269 ) jsed the theory of the disciplinary structuralists 
to evaluate tlie BSCS YeLIow Version. He concluded that I'his version 
placed minimal stress on disciplinary structures. Lilce structures aro 
preferentially attributed^ to tlie imi.fied whole. The concept of biology 
as a composite of disciplines was f ouhd to be underdeveloped in r.h'i nea- 
ter ials investigated. 

Kastrinos and Voss (177). reported the results of a 'uostionnaire 
givea to studentc taking the College Board Achievement "est in Blolo.uy 
to determine which topics th.ey remeirbered studying in their first-year 
biology courses. Thiey . concluded that remembered topics \oere highly 
correlated with- textbook emphasis. The iuvescigcitors also reported .on 
the second phase of the questionnaire given to students I akitip. tlie Col- 
lejje Boa7;d Achievement Test in Biology to detprniine -their 'laboratory 
background and classroom experience in their second-year biolor-v 'course 
They , -included the time spent in laborat<!>ry varied greatly and. tiiat ex- 
'ercises from other sources were . frequently used as supplcrr.entary to the 
prepailed textbook manual. ' , . : , 

* Hbller (146) conducted a study to determine the readability of 
selected tenth grade biclogy text niaterials. The text chosen was 
Elolo ?^,ical Scie nce: Patterns an d Processes » Using thq Dale-ChaU and 
Yoakam formulas and the. cloze procedures he found that the text did 
not show a trend -in readability from easier to more difficult r.aterials 
and tliat readability • j iroits existed when the text wks to be-used for 
below--average readers in the tenth grade. 

«.■*• 

Summary . Studies relating t.o materials were much in evidence dur- 
ing 1970. They, stressed a varied approach ^nd indicated that auxiliary 
approaches are an aid to learning. Nearly eveiy study showed some sig- 
nlficcnt difference in co^^nitive achievement v/hen compared with iradi- 
tioiTi.^ mate.rials u.:rr"'. An arc a not. stressed but wortliy of iMt>:rp 



study is trhe rcla.tlonship be^two.en varied te^vching matt -.icLls and tbe 
aclt jev^ement of. affective objectives. 

Mefjhods of In ^ Uruction 

Koyanagi (191) atiten'.pted Lo determine rhe relative ef TectiveneKS 
of two methodologies' to Improve seventh grade student?^' ability in ^ 
problem solvinf.;. lie found that lov/cr IQ seventh, grade students' abil*- 
itles could be improved* within ct*' time limit of fifteen. 40 minute periods 
ol instrufition utilfzinj; eithc^r teacher planned or indlviduaJlo' ascer- 
tained procedures. 

Schu-ck (304) conducted studies, on set~-lnductlon an inr. tructlonal 
strategy.. Using the BSCS materials he found signif ica/i tly )^reater achieve 
ment when teachers -incorporated set-induction teclmiqucs. The purpose 
of set-Induction was to focus the student on a path of orl<M.taticn — 
transition— operation — evaluation. 

■ ' '« . 

Wolf son (394) sought to determine the relative) effectiveness of 
indirect/direct instruction on achievement and retpaition in chenistry 
and general science. The results indicated' that-^ slp.nif icantly hlfOier 
aclilevemenl: and retention of learning was generated bv a tt?aG]ier vnlh a 
hir.h l/b ratio as compared to a teacher vifcli a much lov/er i/D ratio. 
Because not a3.1 groups 'sl^ovred the effect on achievemonr > h^t al] did in 
retention, it appCrircd that retention tests were a better incat?ure of this 
effect. * * ^ 

Airasian (6) studied the use of hierarchies in tlie anaJ.ysls and 
planning of chemistry instruction. He found a hip,h dep^ree of aprettirent 
in hierarchy placement < among teacliei::. The teachers' evaluative ■ c(\::.nent:j 
revealed many lower level ' cop;nitivc ';behaviors and a l. ck of relationship 
betVeen the content elements. 

In a study by Jones and Blankenship (170) a cor lation betvreen 
biology teachers^ pupil control ideology and classroom teaching prac- 
tices^ was made.. The classr6om teaching practices Were- tiiose recommended 
by" BSCS. The stiidy involved 168 teachers and 2,040 students. The use 
of inquiry methods In laboratory appeared to be less related to the 
te^a^chers' pupil control ideology than ,the use of inquiry methods in 
other classroom activities. ^ 

Babikian' (21) studied the relative, effectiveness of teaching con- 
cepts by discovery, laboratory and expository methods.* Tie found, by 
the measurements used in this' study, that the expository method and tiie 
laboratory method were significantly mor.e effective than the discovery 
met>iod in overall achievement, verbalization of concepts, recognition 
of concepts, and application of concepts to numerical proti^ems. Stu- 
dents found all three methods interesting, but somewhat surprisinv^,ly 
mo^-Jt'of them consi^dered the expos 1 tory me.thod the easiest, clearest 
and the best iiu* thod for trrcLinr^ science. 
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/.ubulak'e (AD.l.) i nvtisLi.:;aLod the "Ir'arnin)?, by dlscwcry" coiuro- 
'7. ust .1 ihr(.M' seventh p.r<^de" sciL-nc^- cla^;^^^'. nn/j cliricovc rv, 

jMj ! d(»d di>;c:c)Vrry and in' o^'/i'cir.Kvefi ,^ ni.-.L.ruc L i on t)ie omj/*. I'i rx-n t n 1 Lroai- 
r.HMiL.s. 'Jiie [Jndin^s of fho study Eavoied the: ^juided diwcovt^ry approach 
ah .an C'f f\TrriT*L"' "m^^^^ teat liln^^. ^ 

IXMinlson f CS'pax-tMl the ralaiivo el" f ect i.vcnoss of a verbal ap- 

proach and a f^uldad discoverv approach t.o l.eac)i..in.;; of i t-^iucted sciL^ncu 
principlnr. al Lhe sovunLVi and ninlh |;radc Ic-vol of coi^nitivc develop- 
ment. He found a sif.ni Ci can L difference favoring the ;:ui.ded appi;oac-l-: 
for the scvenih |^;radci*s ai^d Die verbal approach for ninth p.raders. 
T)iere v/aft no iii[;nlf icaiU' dlflerc?iC(. In retention or transfer of learn- 
ing with either approacli. 

Uolford and Kenipa investigated the ef fectivene.ss of steroo- 

ncopic presentation in improvinp, visual i nation of spatSal relationslnps 
ivi structeraJ cht?mistry. IVo types of pro^',rams were employed, one \.ith 
pVk;.' topraph.s and a lenticular nterenscope and the otrlier vith a sin^'^ie 
p]ic4:of;raph . Th.ey concluded that the use of the stereoscope in bo'jh tlic 
proi^rani and tlu-. tost led to significantly better test results. ^ 

<> 

^Shafer (30S) conchicted a*study to determine w)iet)u r th? usn of the 
cop^puter afi a reinforcement tool and the use of the iri.lnctive method of 
instruction in the chenustry. laboratory produce )ii,r;her achievement .score.' 
^Itan r^ore tradifionai ir.ethpd*:*. The results of thi^3 sindy indicated th.at 
the inductive approach nnd/or t)ie '.use of the comjiuLe/ 'n clv.ni^^.ry lab- 
oratory inslructlon increased the .suudent ' s unaer:U ami 1 uf scilenct: 
.si^.nif lean tly more than coiwenti onal methods. 

Garren (llA) investigated tlho hypothei;is that tenth grade biolofty 
students could leani certain physics coi'iCeV'ts intcriect.ed into, a ])ro- • 
\'M:amiaed unit of biolo^r^.y i.ns true tion . He cohciuderi thai uiio addition of 
physics as a complete .course at the end of the biolo^^y ro\irj:e or as in^ 
^■er jL'cti.ons at intervals throughout the biology course did n.::t sxj'.nifi- 
'an..\v chaage the success on either the factual, direct-recall or the 
i'unetionai, highGr-level biology quGStioi^-s" oir either the achifivement or 
retention' tests;. " 

Fulton (M.1) made a comparison of two methods of instruction in 
BSCS hiolo^.y. The remits favored the ihdividualiiied approach '•to in-* 
struction. Students in this section achieved more, understood the mean-, 
ing of science better » grew more in their ability to ti\ink critically, 
developed a better attitude tov/ard the study of bio-logy. '■arid, rated the' 
teacher higher in his ability to make the materials., unders tandable , 
lhar. did students" i\i conventional sections. 

Holliday (1A7) analysed. Science instruction .techniqvtcs using dif-- 
ferent media in leaiming and testing m.odes* ■ This study involved 350 
tenth g^rade biology students. Results indicated no advantage ,j>i ther ein 
presenting the verbal information using a combination of audio and 
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pi-hyt'd media simul i aneously or i/i using the same media in flic learning 
anvi Le£5line session. / 



A siudy by Falls (105) was /iesigned to detiar^nlnc the efft'ct3 of 
research papers nncl reports on undarstanding science \Aw.n \ised in sec- 
onJary school physics. The study involved 200 students in llarvhrd Pro- 
ject Physics, with one group uJiny^ the - textbook and the other p/roup 
us \nR rhr Pcader. Falls found/that tiie group with tlio Reader dlrored 
significantly higher on undcrs/tandin^ the n^ttur^ and proce'-:seB of sci- 
ence. The group that studleol with the Reader also scored s ip/nif icantly 
higher on the Test On Underst/andin^ Science and exhibited greater con- 
ceptual-set after the study.. .. 

Thelen (352) conducted/a study in the use of advance organizers 
and guidf material in viewing science motion pictures with 3AQ nintli 
gradi' students. 5;he concluded that the use of advance organizers and 
guide material when used a/lone or in combination did not result in 
st atistically sipnif icant . dif f er -'.nces In learning. Students who did 
not Tiee guides demonstrated a significantly negative ol^anre in attituile 
towar.dr.v.potion pictures asi instructional tools. 

Brcedlove and vressert (51) evaluated the use of an ^'Electric Black- 
board^' in the teaching of high school physics. Tlie lectures originated 
fi'om the university to/^student^ teachers woi*king in tlie classroom. Stu- 
dents did sigr).i (.icantly better ow the -'post-test as compared to the pre- 
test. There- was > however > a significant nur.ber of studentrj v.lio. did not 
like receiving lecture notes over the ^'electric blackboard^'. 

Ajudriette (15) compared teacher deii'ons trati on and small group lal^- ■ 
oratory methods of instruction on the acquisition and retention of sci- 
ence knowledge. He found no significant difference in knowledge learn- 
ing, but compreli^ensive learning was signif icantly improved . 

Berne (36) analyzed the effects of different apuj. ^aches to teach- 
on certain aptitudes using the Introductory Physical .Science (TP-^') 
course. He concluded that acliieveme^nt in science v;as greatest ainonp/*"^^ 
students .-of, tlVis' .''new'' ■ approach > • The ''new" . approach also djC*\^eloped 
more significantly the aptitudes of verbal reasoning, numerical ability 
arid space relations/ 

Summary » Studies of methods of instruction varied greatly. A. ^~ 
great number of them were comparative in nature and stressed such. method 
as team teachings problem solving, use of objectives computer assistanc 
individualization and use 'of multi-media. It would seem chat this con- 
tinues to.be one of the most popular areas of research. At the same 
time, really new and Ingenious methods are "lacking . 

In utany of the* studies reported, lack of clarity with resp,ect to 
validity and reliability of' instruments used and the extremely short 
time range over which cxper.imchtal factors were applied create real 
■qu<istious. concerning the validity oi; results obtained. Conflicting. 

■■ ■ . ■ V 
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results appear from S(;emin[',ly similar sLudieri. Ha stoi* Teal l.y , **mur.hods" 
cc'CCiarch ha.s borno out the maxim llm I "any nu-Lhod v;orl;s urdor cartain 
circuniH tance.s and in Lhe hands of a competr:u. Leach'jr". The- hody oi 
research here reported ijeeius r\6\ to refute tluat observatiou , 



Lab orn tbry Prac t. i crs 

Six studies are reviewed in lIjc area oi laboratory practices. A * 
wi.udy by Shaver (305) dealt with the effect of laboratory teaching strat- 
egy on. pupil- task orientation. He used. the Laboratory Interaction Anal- 
ysis Instrument anci the .InLernai 'vernus Externa] Control of Reinforre- 
im.ent Scale. The* sample consistdd of kk students evenly divided, into 
two sections. One/ stratep.y was /inquiry-oriented and (he (.ahe,r was (oach^ 
er directed and controlled,- Th/i investi4?!;ator concluded, anonjrotlier 
things, that there was no signiALcaul ef f oct attributable to laboratory 
practice on pupill tai^k ori.entayion and that th^^re v;as a .liip/h correlation 
ariong the jud[j;es who r'ated pupil taak orierftation fron; 'student laboratory 
reports, / • / ' 

Charen (6<?) 'compared Line |ef f eel iveness of the open-tended che.n-istry 
Taboratory with the t'/aditional laboratory on critical thinking. He 
found no significant di f f ercujlhe as measured by acldevuiKejii tests and 
the Watison-G] aser Critical Th inking Appraisal. 

Norman (2.50) surveyed l33 secondary bi.oiogy teachers ■ to deterrine 
'the suitabillity of various types of laborat.ory designs. Survey re-' 
suits indvd.ca'ted that the spl^t lec:ture~labo]-atory det,if;n was the iiiOf^t ef- 
f ^.etive . f or / the instructional modes of independent study, small ^M'oup in- 
stx^-uctiQn, /:ind .large [;roup instruction. Tlic most froquenc i ocoimrenda- 
tidn's for increasing eff ectivenes^inclucind iirbre f une tigna.! tablo.s, 
vent i'^latiofli systems, student .statpou':, room darkening, facilities, more.- 
storage space, more space I'or ■gri")iu']) ajid individual activities and more 
s(irvice\oiitlets , ' 6. 



Best \^3^) made a study of the correlates of student decision making^- 
in»t'be secondary . school .biology laboratory. She. found that teachers were 
perceived as\ making ab'out three /time's as. many ""deciisions as the students 
during labora\^or\'' activities . In only six of the 33 class^is did the 
students perceive that they* made as many or more decisiens as did tlie 
teacher. She further found that \s.tudent decision making was not signifi- 
cantly correlate)]^ wi th either the problem orientation or the students' 
pp.rcept.ion of the\student relatvionships . 

\ ■ . ■ '^- ^ ■ 
Latham (201) surveyed the percent of instructional time spent in 

the laboratory. . He i^und large variances, with ^25 percent of the classes 

surveyed^ spending lessy than ten percent of the time and only thirteen 

percent spjanding more 6han half the tim.e in the laboratory. The. most 

frequent response v/as 20\ percent. The percent also depended on the 

cour&e beinyc offered. THc relationship of quantity of equipment and 

laboratory facilities • to, r)lie amo\int of laboratory time v;as not si^;nifi-- 

•cant. . . .\ ■ , . 
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A aotntivlial different typo of study conccrnin).; a vlt:nl facet nf 
sci'cnce Leaching v;ab done by . Jircnrian (52). It concovn-^d s:.;rery in 
the high school . science program. T[\e purvv*>sc!!J of tlu- •.;liidy va i c to 
identify tlio^ types uf accidents And the areas in which they occurred 
in high schooJ hioloc./^ chcmj.st:ry, a;id phy^iics laboratories, the con- 
tributing facLorr? theft cause accldentri, and iln- prGvc>ntive mgijs\aes 
practiced and tlieir success'. Four-hundred thirty sci ence.^i'.'eachertj 
from all 50 rotates wlire surveyed. Some of tlie conclmKf^p voTri: 
1) there v»as .littde correlation <jf the nuiT.ber of '^efars of teacldnv; ex- 
perience wit^i the number of laboratory accidc^-ts", 2) there: way, no sig- 
nificant relalionsliip of laboratory accidfii^s with various school en- 
rollment groups, 3) f;,ener^lly , remedial groups had lqnr> accidents than 
general accelerated or advanced placement groups and advanced place-- 
»,nent groups in general had the most accidents, 4) clar.s enrollir.cnts 
had a slr^nificant relationship to the number of laboratory Occidents 
and as laboratory space was increased accidents decrea?,:edj 5) these 
laboratories' in which the laboratory and cla^;sroom , were in different- 
rooms had the greatest number of'accidcnts , and 6) fcv^cr atcidont.'i oc- 
curred in laboratories with individual laboratory stations, and thoyo 
schools in v;hich safety programs were a part of the r.urrirulur.- l^r.d Ici^s 
accidents than fhqse witliout ^^f e ty programs. Giemislry v;as move- p^'i ne 
to laboratory accjdeht^s-^ than either biology or physics. 

Sumntary . Few studies were completed in the area of liboratory 
pracLifcs. Of v]io sik stii^di es / one ^:a^--^6n facilities and tvo v;ere of 
a survey naturo* "-iTiVs would -seem t^'^ludicate a .sat:i sf acf i on with the 
present laboratory s'etup. l\^l)ile sorvi=jys i^enerally revealc-J arca.s of 
concern in the cidoqwacy of laboratory ^-f,acilirics , researrli studJcs of 
facilities d'esign arsd usa-^^e are sparse. This is somevrhat surpriL'ing \^ 
considering/ the em/f^hasis on laborlatory work by all , the major rjc u^rlg.e'^ " 
curriculum /proj eclfs. . l.t would seem this area of/ins tructi.on m^'<i"t:s 'sor 
ious cons iAcra,tio/{r for future" research . ^^'a 

■ Seyenteen'^'s t.u/iies v;ere r^eviewed in..,'t:he .area , of curriculuir . •/Thei^e " 
^irf'cludcA the fields of biology, chemistry ^ physics , ear^zh scl(!nc^^j 
and innovative efforts. Obradovic et al . (255) at temptcd't'o. id^.nt ij^y-^ 
the fattbrs affecting the implementation of na\i science curricula. Ti\C' 
st\:dy /indicated that effective-, impleimentation of ^ hew curricula' t'equired 
the provision of assistance and support to curriculum personhel, a 
tota]/ curriculum plan , appropriate in-seivice education , jerontinual cur- 
riculum evaluation, and currl.culum revision. 

Wlxson (393)* e>:amined the effect of a mathi^a^qal approach to 
teaching cell structure anu physiology and the T>l^bability aspects of 
geAetics on sbident achievement and attitudes^ He found that the vari- 
at/ion in approach had", no effect on students* attitudes on the place of 
'mnthematics in,.soc Lr/ty , 'but "that^there was a lateral transfer effect 
rn .the achieveinrinT^irctnr^H^~--C^ topic of the cell ond a verticil tr^-r.ns 

'or effect on the achicjvemcntr^scorB^'^-e4i-UJiC'_^g^^^^ topic. 
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Iwo investigators niaah^. evaluatiJonH of the BSCS cunic/ula^ Siraiiss 
(T.i/) cU'^ii)Oied a i;yi-.;tcin for- an.i]y^inR rGSc-;arch, reports an/J conc^ludcd 
tb;iL case" for i^SCS 4\r/a yiM to he proved, Mayer pt '(:'. i'O ' n^^da 

an evaluation o£ B .!olo{-'ir.al Scicnc Q.:..-PattCirns and P rorr/ Hes . He found 
a 'si^n i f J cant cor^r ctlat i on bLa\*c'cn ro'ading compre]iensj(.»^ and acldeveiTient , 

Hardy (132) analy^^ed ihv aiJilGveiren-t: ■ and level of •c ritical Lhinkinp 
of st\ident:a C\WA study and traditional chemistry. He used 208 stu- 
dents in ten chemistry elasft^^s and found' tfiat students in'^ClIE;! study 
achieved ,the objectives bctt:(»r tlian thoye in a traditional clap^s. . He 
also f-nund that- thHre was no aigni'i icant difference in the effect on 
ci"itical thinking; between' the two approacliess ' 

In another ntudy, Ramsey (274) designed an instrurenl.^ to investi- 
gate the dcVelopnrent of cheinistry content by C1!KM Hitu-dy teaciiers. Coci- 
won-^^^itjterns of content deve.lupnent were identified. Tlie ' results of tb.e 
.study' suggeT^rt-e^i-^J^h^^ tire Leac/iers in the sample, adopted a derjuctivc 
teacher- oriented approacli to teacliing c/ieirjisl ry content. . . 

Levus (20^f) F,adc a- stu^y to deternilne__if _trai^ ~" 
perception coui^ jilter achi'ijveTi*ent inT the study of v;aves and optics. 
The restTrts of the study showed that tiiere was a sign i i:.ic%a.t .Increase . -^ 
in the. visual space perception of the .students wlio^^erc trained in ..this- 
aptitt^de. .^'rte study failed to show a transfer' of If-ferninr, to <'ilt<?V 
achieue'ment on the topics uf waves and optics. 

In another study .^Scluieidenvent (303) cxplo^-d Ljic effeC:t ol using 
havloral. objectiv-is on/ the cognitive achie'jfenient of-"'341 students in 
Harvard Project Phy^Jlcs ; 1'he experiuiental mtsthod.-t^f instruction proved'" 
to be more effective tlran tlie, conventional method of Instruction for 
boys, hut both uiethod's were equally effective for girJ^-. Boys acliieved 
significantly higher in both groups.^ 

y'^ Poel (26S) st"\jdied tjre ^j;>l:^t ion ofrcritic^i tljii.l ing to PS>X' and 
^/'xio.. PSSC phy.sj.cs programs^lr^ lie found little evidence '.o f 
^ belie.f that . either .tljij^^^ the non-PS.SC courses were 

in developing c'r^;fe^fc^ 

\ A^sjj^r^^ey by BiJa and Bligh (38) involved 112 scliools and^f<Sr65 -^tu*: 
dents;" They found that 46 pej:^6nt of the schools used' t h o d e r n ? h y .s i c 
, ^ext by Dul3 , Hetcalf j^nd^-l-^'illiaras axx&.'il- percent use^^-HrT^e. PSSC material 
with the TDOs t * conimon^ltne ii^terval " being 55 niinut^s^ive periods a week. 

Several studl^^<3 dealing- w^ith the Earthr^citHnce Curriculum Project 
■ (ESCP) we.re reported. Henson (142) jn^d'e^'an effort to identify tho earth 
science principles pertinent to "the' general education programs in junior 
high., schools . He presented the prpce<Jures used t.o identify pri^nciples 
in astronomy , ..geology , meteorology , oceanography and physical geography. 
. The study'' resulted in a list of^.108 earth"" science principles ranked on 
an investigator-constructed scale. 
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1* Flot^es (109) reported the refnilt.s of a questionnaire sent to teach- 
ers who vjere involved in a National Science Foundation Karth Science • / 
Institute. Data were tabulated for regional areas of the United "States^^ 
concerning earth science rnrbllment, grade level, laborat:ory course, 
'field trips, advanced courses \and student interest. ^ ' - \ 

Hensoh (lA'i) studied; the achievement of USCP-^studen Us froppi different 
socioc^conomi c backgrounds . He found a sJj^nif leant dirference between the 
upper" and mlddlg gr.oupV'as ' weJ.l. as between the upper and lower , and con- 
cluded -that more n-pp?'opr i ate materials should be provided for the lower 
soeioeconopn c. st\idents in the Kart;^n Science Curriculum Project. 

^. ' ' ' " ' * ' - ' , ■ 

In an effort to study the reaction of pupils to the Kuf Field ScJ- 
qnce reaching ProJa6t Trial Materials, Meyer '(224) studied 1,226 Fifth 
*Form (€rade 11-12) pupj Ts . . . He concluded that boys were nore intereste3 
fn th«:-^ iiiater,i.als than vere^girls. The Nuffield Project produced an iin- 
proveriien-t- in' science attitudes for girls, but not £or boy:: . T\ie study 
--^lt;o ^hpv?e(3 ' that the Nuffield Project was most influent:' al in the im- 
provement' of ov6r-all scientiCic orientation, even thougli the influence 
in physics ^ v:a£j nfegative*^or bpys, o. - ^ - 

^ Hirgham et a«l. (4.1) reported on the'Demonstration of an Improved 
Science Curriciiium for Underacliieving Students (DISCUS) Drograr^i. This 
report v:as h'ascd on the premise l' at if underachieving junior high school 
youth are sep.arated frrmi thefr n?ore successful peers and jurovided with 
/ a series of meaningful acUivities uiiing a directed discovery approach , 
'•an iiTipi-over.^nt in their actitudes. toward theiKcelycs , their- teacher, and 
; t}),eir schoal will be displayed. -Tlic study 'indicated that a preferential 
treatment of di sadvantaged s tudr^nts in succ QBs-orienteci science classes 
. improved their attitude toward the school and* school personnel and .tli^s" 
growth continued when the student was given relevant small group lab- 
^>ratory act ivi.ties .• " ' 

Durst (100) comjiared tliree courses of physical sc^c ^-ce; narriely , 
trau/tional physical science, Interaction of Matter and Eneri^^y (TMh*) 
and Introductory Physical Science (TPS). This stu^y indicated . that 
..students in IME scored highest oh the Test On Understanding Science and 
on the Iowa Test of Educational Developmen-- , while students in the tra- 
' ditional. program scored high'e'st on the .Science Research Associates 
Achievement S<4ries. 

t * ' 

A somew^hat different study xv'as conducted by Mount (238 ) j wliose 
purpose was to develop fpr those interested in secondary school sci- ^ 
ence, sequence information conce'tning'^ gT;,ade placement level for high 
school physics ,* .diffusion or integration of physics with other sciences ^ 
and mothods^to use to increase physics' enrollments . Information was 
obtained. partially through the search .of 'related literature and through 
the analysis of data concerning physics enrollments. Conclusion^ were: 
1) that theve 'was no s'cientific. research found to justify limiting' 
physics to juniors and. seniors , 2> other . selected nations provide 
physj.os for their pupils before they reach -the secondary schools, 3) 
some schools-. in the Uiviccd Stales have- reported i:ucccs:'.iul fusioa^,,or 
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integ: .-iriori oi i>hysics> clien. Lsl ry , and l)jolop.y, Aft srati.'^itical analysis 
of dat.x shuwc'd no sir^nif lean (: ' dl f f crenc'e belvoen ,xlje .achievement of 
sopiioinores nnJ juniors and scMvior^j, and 5) fit.'iVi rf(';Lcal annlysls sh'ov/ed 
a highly sl^',ni f leant Jncrease in physics enrollment V7hen sophomores ve-re 
periuiutfd to enroll in the- course. 

Summary, Host of the sf:udier, relating to curriculur.i dealt with a 
review of the older curricaliirn projects.' V-ery little eflort was made 
to desl,j;n nets' and alternative sur.t'icistlonsj Kflorts in'tl]e area of )w- 
manistic j-jcience for today's schools are needed. 

Teacher Education and Teacher Traits 

_ ^ 

Bartholomew (27) attempted to determine the effect of earth science 
in^^tructional models on the inve.^ tiga tive te^iching behavior of exper- 
ienced science teachers. Hi.s purpose was to ascertain if experienced 
science teachers would mv^dify their teaclving behavior • af ter observing 
and studyjn^.; an' instructional model. Twenty-seven experienced science 
teachers participated in the study The investigator found that teach- 
ers did change tlieir in\'es tiga tive teaching behavior after seeing: an in- 
sriuctional model. Teachers viewinc; a videotaped in.s tructional model 
immediately prior to teaching liad the greatest immediate p;aln in inves-- 
tigative bleaching be)iavior. Television teaching rechniques in' a;micro- 
teaching: rormat \;ere found to be effective in changing the teacliing be- 
havior of" experienced science teachers. 

In another study of changes in teacher behavior , Jackson (157) 
atte,mpted to evaluatt' tlie effect?; of an inservice program on the behavior 
of earth science, teachers. The program had. a ten week summer course that 
emphasised content and local field studies. It Xv^as desired to change 
t-encher behavior to a more laboratory oriented approach.. The investi- • * 
gator found that teachers changed the way they thouglit . tliey v/ere teach^. 
ing toward ah inquiry approach following the. inservice p> '"^,ram. Tliis 
stu.../ i.ndi^cated again that positive results usually .can be obtciin*:id in 
a specif ic\^ goal directed type of activity. 

Ziirhellen (/^02) ' evaluated attitude changes among science teachers 
during an ESCP inservice institute. The purpose v;as to ascertain the 
attitude' changes of science teachers in a concentrated academic year earth 
science institute. Seventy-five teachers and 20 leaders were involved in 
the y^r long program. Some, characteris'tics of group leaders exerting 
the grJ^a.test positive irifjAjence in bringing about attitude changes wei*e 
identified. Among these were hd.gh self opinion and high congruency of 
self perception vxth the teacher's perception of the leader. . .: 

A study by Osborn (258) ^ while having a rather local origin in a 
single state, can probably be generalized to a larger population. Os- 
born attempted- to determine the qualifications o/ biology teachers and 
to investigate the relationship of student acHlt^vement in biolor.y to 
t'ho subject mat,ter preparation of the ' teachers ^ A positive relationship 
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voB fov.ad bctvc-'iii sCiidcnt achi ovemo-nt In bloloj'y and tlie teaclier's prop- 
ararj-on Jn i:he :;iologica] ^qiences. Alfc;o, a positive relationship waj: 
fojnd beCwtu'H ^Mi.lcijt achievement In biology and the bioloj-.y Ceacher^s 
preparation iw chrinj s try , It appeared that the inost: etfecLjvo biology 
teachers had lukcn a 'mi n IikUhsv. a:^ount of work in tlie biological sciences 
arid a substant: i.il amount of wo?'k In chemistry. ^ 

la aiiother study o.C hioJo'.gy teachers,. Norris (251) atten'pted. to 
measure the self-concepts of ^^condary bJology teachers and their re- 
lations)jlp to L.tudent achievement: and to other teacher chara'cteris tics . . 
Thirty teachers vho had attended an NSF Institutie and 1,A00 of their 
students comprised the study group for this investigation. Significant 
correla t ions hi;tween ccr Lain/ aspects of ..the biology teacher ^ s back- 
ground and'his seJ f~concep(: /could' be discerned. ■ llie study supported 
tho hypothe;.] tliat a ,si[:nificant relationship exists between the teach- 
ii ^ proficiency of a biology teacher and his sell-concept, his biolog- 
ical knowledgL , and betwueiil certain aspects of his background and char- 
acteristics* Th^.^rc was a .positive relationship between tite biolo?.y 
leaclicr's self -concept and tlie number of. "semester hours of psychology'', 
ediicat'lon , an^l student te^achinj^;, as well as to the number of^ year^ of 
teaching; exper.icnce and ifo the i-iuiaber of dependents. 

Three st^ncli.es of verba! behavior of teachers vere reviewed. In 
the first of these. Miller (226) attempted to design a usable nnd valid 
n:odv?ra verbal interaction analysis iiistrun-ent and to explore the ver- 
balizations t aking place In a ninth grade physical science class" usi"^|: 
the iustrun^.eni .[ The usefulneL's and validlLv of ' the instrunent: were 
determined tlircfngh the use of two groups of ninth grade physical science 
teacliei'^* T}:o instrument was subsequently fovind to be able to detect 
statistically si gnifi.cant - differences in si:-.- out of nine categories of 
verbal Ho.havior^ - 

■ \ ' i. 

JThe second studiy on verbal behavior was done by Collea (78). His 
pfiidy ir-jeasured changes in intentions, self -perceptions . and role per-- 
co-pi,ions of )^-f;in,nih:]; science te^achers. T\^;enty'-f ive firsL year science 
teachers compr isell the saraple. Conclusions indicated that changes in 
the way first yeai^ Science teachers perceived how their principals wanted 
tl'.em to behaveo in \the classroom vjere conflicting. Changes . in intentions 
of fir.st year scic\i!ce teachers v;ere also conflicting- By the end oi 
the sclio-ol year, bd^jginn^ng science teachers perceived themselves as a>(^ 

"Ing more direct in |thci/r classroom verbal behavior. A final interest- ^ 
ing ^coaclusion was j\that role perception of- first year science teachers 
and the ideal teacher perceptions of their principals were farther a- 

■part at the end of 'uh,fe school year than at the beginning of the school 
y<^<3r. 

Class '(118) s.tudied the effect of teacher behaviors on student be- 
havior. • His sarapl,^ contained 525 hi^^h school }:)iology students. The re- 
sults of this studjy indicated that students in general tended to adopt 
an attitude towards biology similar to that of their teacher. However, 
(I'C posses-: ic-n or 'a *^>tale(l'*;»t titude towards iiiotogy vlitc fi v/as similar 



fo tl.i" .,i-ai;.oil attitude of the teaclier had little, relationship, :i f an.;, 
to i:{v:bi.ie(|ucnt acluevement in biology. 



C:haract(liristics of ef foctive science teachers i.-orv studied by 
Haltfnnan (ll29) using a p-sorf. technique.- Biographical data vjcrc col- 
lerLcd from 'l;:he teachers. Students and principal^:; ratod Uhe toacliers 
on of i ocuivcifiess . Hal terman concluded tl/idt the O~sort teclinlnuo p)*ovC'd 
Ui..efu.l; that Cv^n^siderable divorsfty existed between the jmlrenionus ol 
sciencx- teacl^ers, principals, and students concerning teacliin^ r.ffec- 
tivc.i;e.bs; and that . biographical data contributed w.ore t-lian tiie other 
vari<:bles used for assessing.', the cliaracCeristics of effective science 
teach.ers. 

< 

Snider (32^ )■ studied the leadership role of secondary science" 
teacliers as it related to the science prograin. His sample included 
near J y a tl'.ousand science teachers, principals and supervisors. The 
investigator concluded that pri.ncipals and supervisors Vere nor^i positive 
about the contributions of science teachers as leaders in science edu- 
cation than v;ere science teachers themselves. Science teachers believed 
that the .greatest obstacle to be overcome to enable tlie science depart- ■ 
ment to become more successful v;as the excessive teacher load. Princi- 
pals and cupervJ sors felt tliat inadequate bud>ieting for the science de- 
par tmerjt was the greatest obstacle. > • . ^ 

5^.L?ill?.rX* ^^tudie.s of ti.*acher education v;ore varied in scope and 
direction. Attitude and beliavior .ch.an^^es were investigated in r.everal 
stud'ies. Results .Indicated attitudes and behavior can be ciianped by 
direct att^/ntion to tliem in in-service or institute courses. Verbal be- 
havicjr of teachers v;as a focus of other studies, a] tlion;.;}! the tested 
nietlvods of ill teracti'on analysis u^ere not .used in those cited. Perhapjr. 
the difficult probieuis involved in usape and interpretation, of variou.s 
interact. ion instruments have d i£coura^z.od their use. A t-imple but effec- 
tive instrument for classroom interaction ana^l^ysis still, eludes the re- 
starcher and, practitioner . 



Mc>asur emen t and Evaluation . ^\ 

^'^\ 

The section on measurement and evaluation deals vHth all aspects 
of measurement. tt inclucluo instrument development, program effective- 
ness, objectives , taxonomies'^' and instrument design. \ 

■ ■ ' ''x 

Podrasky (257 ) constructed and validated .an experimental\qst that 
would require students in intVoductory physics to use graphic rat^hpr 
than \^'rbal skills in identifying .relational concepts. The ef f ectiVe^-;- 
ncss of tlie test was examined wirli two types of programs, tradlnional 
and contemporary - PSSC physics and .. involved 226 students from louY 
schools. The Kud.er-Richardson 20 ■ estimate of reliability was .726. 
Podrasky foiind that tlie experimental test scores and scores for verbal 
know].ed.ge of physic^'- were more iiighly correlated for the traditional- 
physics students i - for tlie conter.pc''^ ary-physics students. 
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Schnff (293) developed an instruinent to mcasia'e the coj^nitive / 
evaluation abiJity in chemistry students. \'JTii]i? there va:? no dif/erenc/o 
In knowledg.e ability with a. modern or with traditionally tr.nphr course',^ 
there was a significant difference in the evaluation ability of the 
dents in the inodern course. * 

Benson 05) developed an inj^trument which was based on tlie Asseiss- 
n^ent of Cognitive Transfer-An Iwaluation In.struir.ent for Secondary Bio]of;y 
Teaching, It was written using a br.anch7n;j program format centc.:rod aroiind 
nine structural ly related 'biology situations. Tl^e Assesswent of' Cogni- 
tive Transfer in Science Inventory (ACTS) was classified by cognitive 
category using a scheme unique to science but patterned after Bloom *s 
Taxonomy of Ed uc ational Objectives . The ins truraent has a reliabili ty of 
486. Analysis of the data stressed nonparametr J c statistical procedures. 
The five classes tested did not differ with respect to performance on 
the total, ACTS Inventory, Performance of students by level of perform- 
ancG on ITED Test 6, a measure of critical thinking in science, was 
poj^itively correlated with performance of students by level on the total 
ACTS Inventory. * ' . 

Cilllzza (72) developed a critical thinki'nj; battery winch was de- 
signed to measure a number of primary factors involved in the ability 
to think critically. The battery was desipied for sti.idents in y;^"-'^^c:s 
7-8, OTiile perforrnance on the test vac reflated to general reading abil- 
ity, there v?as no significant relationship with chronological i.y^c or V'llw 
grijde level. The relationship to intelligence tests v»as posi'tJve. 

In an- ef foxt to relate . clhsyroom tests to transfer of learning, 
Demchxk (91) gave two tests to cherai-^try students atter thoy had com- 
pleted a programmed instruction unit* The experii^^.ental test v:^s based 
on Bloom's taxonomy and di.sci'iminat^iid b':'l.>'pen h'rher artd lower cognitive 
levels and categories, Demchik found a significant difference betvjeen 
the two tests and that tlie experijnental test had di.scrimi)^-5ting power 
■ otv/een higher and lower -.cognitive levels. 

Hungerford (152) Jeveloped an instrument to measure the science 
skills of observation and comparison. The test was validated at the 
junior high school level. All samples, regardless of race or cultural 
background, improved significantly in both skills as a result of t?:ain- 
ing. 

Smith (321) developed a classroom observation instrument to inves^ 
tigate teacher and student behaviors associated with the maintenance of 
an inquiry atmosphere where Earth Science Curriculum Project materials 
were used as a course of study. Behavioral items were written as po- 
tential indicators of one of three categories of activities: activities 
consistent with maintaining the inquiry atmosphere of the ESCP materials, 
activities neutral to the ESCP .approach > or activities inconsistent v;ith 
an inquiry approach. Teacher and student 'behaviors were then groviped 
Into four major categories consistent V7ith settings expected to occur 
In KSCP classes, i.e., develepfng text material, pre] aborntory , laboratory, 
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and posti«'Jborat:6ry- discussion. A/panel af seven Judges raued 'each 
item a£i 1) con, ^stent with neutral, or 3) Incnnslstenr A^ilh ; . 

ESCP: The instrunient, reflne'd bn/thc basis of/- l:he ratini^s," u-as tlien : 
us t:o . observe teaching situations. Wien .all-c>bser\?a.tion:5 . vere pooled 
acrpss the four classroom ■settings-, i;he Inter-obseTver". agreement vas 

Kaiser! (173f) cond/ucted ail explpi^atory- sl:udy to design an obj^er^' 
vhtlonal in^jstrunient fdr describinf^^/teachers ' activi ties and behavior 
when. uBlne the OIEM study Tnaterials . . "He fcund that the-, ins tr anient j»ro- 
duced datia whirfh pointed, .out dx t.eac.lier behaviors for two 

teacheris whose/ traini/ng in chemistry .and' teaching experience vcre siin- 
ilar.' ' Kalser/sugges^.ed tliat .when -the instrument developed Is ufied. v;ith 
studies, of strident' outcomes the aspefcts of t-eacher behavior i7:ay be cor- 
related with/student behavJ.or, achieveTnent and interest/. 

Mullet^i (239) conducted ah evaluation of OuanJ: J t.ative Physical , ^ 
Science VOl'S) and developed an Jne'xpensive and t eligible procc^dure for 
conducting similar type studios. He concluded- th^jt tlie students'. w)io 
took .QPS'were found, to be more motivated- and thpt .they achiev?.d in^ fu-. 
ttire science -and mathematics • courses at ■ a . sij:/,aif iran tly higher level 
. than' those X'/ho had." a -course using tl'ie state. .adopted .te-xiboalc. . -9 

Thrav. e-yaluation-type studies were completed-on-^dirfereaL types of 
programs. ^ Welfoird (380 ) conducted ;i j^tudy to evaluate tlie e.rfectnve- . 
nei:;s."of instruction in hipli- wSchool b.i.olqgy :in a cc^v.'ent J o.n;il course and 
,the SpecialMaterials course .for slow learners in t»n;irs or <'i(!hieve!]U:nl 
and interest of' the slow learner. .The data ind:i,chted irhat Lhcre was no 
significant . difference in. eitlier the achievement or the intere.st of the 
students • 

liarke (133) described . two methodii ot hiei. c:r'c ■ ;:malys used to 

measure the, similarity of sequence in the rand^ Jii i / od inuitiplc choice 
and free-response, problem test .-f ornat . The resuli:. -1 im' ■ ^v:t .(id that the 
re.-.,, uses "of the subjects as a whole validated most of the ac.;>endency - 
relationships w.ithin the .hierarchies . , The students were -probably re- 
quired to use the same problem solving skills and procedures . This re- 
We.aled the amount of simiJ.arity between sequences of physical and mathe 
ma tica 3 concepts ■ in problem solving. ^/ \ - . 

Grgurich (127) evaluated the achievement qf general course objec- 
tives in secondary school biology for students of different ability 
groups, . Although 'he encountered varying degreesX of * success , he con- 
cluded that pre-^determined general course, objectives for given ability 
grojiips of secondary, students exposed to selected feqlogy courses dc.iuld 
b.e tauRht fpr.and achieved. \ 

Even (104) studied the relationship of t.eacher--assi.gned grades in 
high -school chemistry to .taxonomy-type objective test, scores . .He found 
that teacher-" assigned tests arcT not highly relat^id - to the Ontario Tost 
bf Acbievement in Chemistry (CVlrAC) , b\!t he was tibie . to isolate gfbups 



of sriidants in vjhich di £ ferent . combinations of the predictor variables 
functioned most ef t ect j vely-^ 

Bryant (55) examined the effects of expressing course objectives 
in specific behavioral terns on achievement level of lo'.j achieving 
eighth j;radci science sludcnts. He oi^scrved ihat the te«^cher remained 
the important factor in determining the success or liiiJur^- of peda- 
gogical techniques used in tr^jlning the lov; .achiever . The use of per- 
formance objectives appeared to facilitate, the presentation of course 
content in srtall man a ^u: able- pieces tlius providing greater opport;unity 
for the low aclriever to experience r-uccess in the clar,£;room. 

In a study by Broadhurst (5A), the procedtires and results of an 
Item analysis on the Watson-Glaser Critical Thinking Appraisal Form 
Ym were prcscntetl. The results, based on the response of 209 gradu- 
ating hir;h s .hool students, indicated that the test was not as valid a 
measure of critical thinking ability as desired. 

Jones (166) evaluated the impact of. the Secondary Science Training 
fogram sponsored by the National Science Fovindation. He used Osp,ood s 
semantic (la;;f f erential system and found a positive difference in the 
positive direction, on "four-year college" and "senior extra-curricular 
activities" by the experimental group. These findings sujjgest the need ; 
foT. additional involvement of returning participants in seni.or year cur- / 
riculum p.lanninf; tq. m.aximize the effect of the summei program. . / 

Good -.(122) made a comparison of self-graded and t'v.^aclier~g--aded j 
achievement in a BSCS secondary school biology course.- He fo^und no / 
sij;nif leant difference in achievement as measured by c\ standardized 
exam, but the self -paraded p^vo .p produced ,a s ign if leant] y liigher number 
of reports with a lar^'.er percentage bein^;: :.;^:-ed or. ro:i»/arch. The self- 
grading model seemed to have the degree of validity aivl reliability ade- 
quate for self-grading in the BSCS biology course. 

Kvidahl (197) conducted a study to determine the differences be- 
txv'een teachers' self-evaluation of their teaching effectiveness ajid 
their senior-class '^^tudents* evaluation of their effectiveness. The 
composite self-evaluations of all teachers tend to be similar to their 
students^ evaluation. The ten areas of rating produced agreement on 
''Knovaledge of -the Subject"' as the most important trait and "Personal 
Appearance" as tlie least important trait. 

Summary . A major concentration in the development of i^v? instruments 
of evaluation is presently occurring in areas such as critical thinking, 
the aff,ective domain, and- achievement . There was very little concentra- 
tion on the psychomotor domain, communication, or creativity^ A major 
effort of evaluation seemed to be based on self-grading and self-eval- 
uation. A great deal of work in these areas is needed and competency- 
btised evaluations need to be stressed. 
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1 1 1 dlii i d u n 1 ized Instruction 



xVierc are six studies related " to' various- aspects of Individualliced . 
instruction'. Krockover (3;94) comp.ared learning outcouics in the Chemical 
Bond Approach (CBA) chemistry when group and individual izod. instruction 

.techniques were employed. The indlvidualir.ed self-pacing approach cen- 
tered ; or; the. use of the labpratory . The r:c-sults of thi s study indicated 
that CBA chemistry- can be individualir.ed. i"h g purposefirl manner, for class- 
room use. Furthermore, individualization did not reduce the chemistry 
aclii.e."^reiT;ent , understanding of science, or the critical thinking ability 

^of. the students. ■ .. ' • 

Conl on' (80) ^ conducted an investigation to^ determine if providing . 
sevtintii grade students v/ith objectives of instruction altered perform- ^ 
•nru-n. Tr.c objectives used were th.ose of the ISC? field trial.- The rfe-. 
.suits indicated that ■ those students with p.rior knovrledt^e of the objec- 
tive^^ pei formed slightly higher than those without knowledge of the 
ob jiM:.ti\;e?, but thi& was hot significant at t'ue .05 level, Within the-, 
limits of. the study, the findings challenge', the •premise that knowledge 
of obje*ctives for a highly structured instructional sc.quence suclr as 
Igr'.; significantly alters .studeirt perf prmance * . ' . 

Williams /(389) did an experimental investigation. of the instruc-- 
tJoH^l' effectiveness of individuali-zed versus group instruction in the 
■teaching of Quantitative Physical Science (QPS) . A total of 192 students 
■ vero invo.lvcd ; 64 control,- 64 ey.perimental > aiid 54 in a reference group 
(not .invoD.ved in, Quantiuative Physical Science but taking a different 
course, ill physical science).' The study tested^ the null hypothesis:^ that = 
'no sip.nif leant differences existed between the sample means for achieve-! 
mentj retention, and the tlm.e required to complete .activities . ' Vlilliams 
concluded that: 1) so far as achievement on.r.emester examinations, stand- 
■ardia-ed tests, and semester grades^ were concerned , InSividualized in*-' 
sliu.clion was more effective than group insti'uction for most students; 

2) . so far as retention was concerned , based upon pre-tes .and post-test/ 
sc. '-s of. Comprehensive Test in Basic fhysica-1 Science, individualized ; 
iiist.iuc.Lion was sigTjiificantly more effective than group instructioii; . .( 

3) with the same subject matter content, a student, on individualized : 
lnstru:ction completed 8.1 percent more activities thati those students / . . 
■involved -iii group instruction; 4) so far . as student reac^tion to . indi- / 
vidualized insti^uctipn was concerned, most students felt they, learned'^/ 
more, enjoyed it more, and made better grades vrhen involved in indi- / 
vidualized instruction; and, finally, 5) indivlduali;{ed instruction was. 
more effective for all levels of potential achievers \than grdiip insttuc- 
t-lon . 

Dasenbrock (86) conducted an investigation to determine \the valid- 
ity of the use- of computer assisted instruction (CAI) as a to;ol in 
formati.ve curriculum evaluation* ' The results indicated that iCAI and 
non-CAi students' performance was similar within the ISCS materials. 
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Peterson (264) studied the development • of a concGptually oriented 
currii-ulum fratrework in science for grades seven tlirout^,}i nine. made 
an effort to analyze chan?;e in the, acquisition of subject matter between 
Individualized and lecture-demonstration patterns .of inr>tvuction. The ■ 
study showed tbat the students" in ihdividvialized Instruction had sipnif- . 
Icantly hi^jher gain scores* on achievement tests. 

Glass and Yager (120) also made a study of individualized instruc- 
tion as a spur to understanding the scientific enterpr / ;g. Results 
indicated students -who solved problems individually or in snail infor- 
mal groups understood science and scientists better than did those who 
solved the problems as a class group. \ 

Sunxmary . Individualization was a key word in the late 6.0 's., al- 
though the number of secondary studies reported does not yet indicate » 
a large researt-.h interest. Consiciering the prevalence of the concept • 
of individualization in the literature, it i^ likely the number of 
studies related .to some aspect of individualization will increase inark- 
edly in the near future. ' ■ 

As a veL*y tentative generalization based on the limited studies 
reviewed, it appears that cognitive achievement does hot suf:fer Ln in- 
dividualized modes of instruction, and increased interest and favorablo. 
attitude changes frequoritly accrue. 
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Processes in Science 

In a study by Okey (257 ), the purpose' was to see If the inability 
to perfoinn a task was attributable to f ail\ire on the skill $ subordinate, 
to it.' One-hundred thirty-five tenth, ele>.*c^pl:lK .^.nd t v/elfth grade cherr:- 
istry students were studied. It was concluded tiiat adding instruction 
on subordinate skills in a science learning program w.\^ suc<:essful in 
si • -^if icai2tly improving the performance on the critcr i^.^n- t.:irl* , 

Ashenfelter (17),. usinv five case studies , investigated- the problems 
experienced by beginning chemistry teachers as they attempted to help 
t?ieir pupils use data or. drav; conclusions. In this stuHy the subjects 
often demonstrated that they did not clearly understand that the major 
purpose of performing a laboratory investigation' was to gather clues 
for theorizing. iSubjects* failures to use orderly problem solving ap- 
.proaches were attributed to lack of practice in learning problem solving- 
and. to the fact that problem" salving in undergraduate chemistry courses 
v;as frequently done by imitating type .problems ratRer than applying 
problem solving strategy . It was recommended that prospectivepchemls try 
teachers should receive explicit instruction on the ynirposes o*f perform- 
ing, laboratory investigations 'and that their assigned experiments should 
help reinforce that instruction. 

Starr (331) investigated behavioral outcomes related to science 
prooe.sses of ninth grade BSCS students. His purpose v;as to analyze the 
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use or ^'Invitations to Inquiry/' anJ to assess the effect on critical 
thinking, knowledge of processes of science, and attitude tow aid biolor,y 
of nJntli grade BSCS- biolo^;y studentvS. One-hundrud, thirty-two students 
.participated in the. study. Starr found that uLillr^ing invitations " to 
inquiry improved the critical thinking abilir.y of nn nth grade- students , 
but did not improve or hindei the attitudes of these students' towards 
biology. 

In a study, by Karplus and .Peterson (176), on intellectual develop- 
ment beyond the elementary school, the problem was to survey students' 
abilities to apply the concept of ratio and . proportion in a problem. 
A total of 727, students of age lej^e'ls nine through eighteen par ticip'ated 
In tills study. Karplus and Peterson concluded that successful propor- 
tional reasoning'^ was not achieved earlier than t'he last years in high 
school. The implication V7as that there is a serious gap betv;een second- 
ary school mathematics and science curricula and the student's reason- 
ing ability . . ' ' ' • 

Summary . The fact that there were few studies related to .processes 
in science at the secondary level suggests both an apparent lack of in- 
terest and. a need for more research in this area. 

Inq^ujry Teaching 

A number of studies involving the 'procetises of iiicjuiry v;ere repor^ted. 
In the first of these iJillM *(A0) attempted to incre:^sc di^a^rgent think- 
ing of students, In a fivo-v;eek experimental troat.ment utili:iing student 
inquiry. There were ^300 students involved in the experimental and con- 
trol classes for 'this study . The experimental treatment consisted of 
an inquiry session in which the demoub' trator Gh: wcd a diiicrepant event 
and students then suggested hypotheses to explain the demonstrations.^ 
The mc^nner of questioning followed the pattern of J. ' irhard Suchman's 
ii. . n'ry djf.velopment program. Results indicated that the experimental 
treatment did not significantly increase the creativity productions of 
the subjects and creativity was, tlierefore, not increased as a result of 
the experimental treatment. . M 

Kitko (18A) compared students' gain in ' understanding selected con- 
cepts of science in high school physics lessons which differed only in 
the amount of inquiry orientation used, . Txv'o sees of lessons Involving; 
six. principles of phy8-.cs were taught. The main difference in the two 
treatments vjas the opportunity for students to ask questions in the in- 
quiry mode, ■ whereas they were primarily lectured to in tiie traditional 
mode.'- The results Indicated that secondary school science teachers 
should not be dissuaded from using inquiry oriented procedures , as the 
differences between the'means of the crude gain scores of .the two treat:- 
. went ..groups were not significant, ■ \ ^ 

^ ■ 

Steiner (333) attom.pti^d to determine the relationships of certain 
practices of hir.h school'^ b 5 c?iogy teachers to student performance of. 
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inquiry process behaviors in the affective dothain. Forty-three high 
school biology classes were used in the study. The teacher practices^ 
wiiich correlated the highest with student inquiry per foriranue uere:, 
1) having, students read the original wrdtinp^s of !--:cicni.ists , 2) allow- 
ing f.tudents Lime in class to discuss ideas, 3) showin^• students how 
to- ask questions of the text, A) readily .admit tine; nusiakes, and 5). as3k- 
ing students questions which require them to think of e vidence beliind 
tlie statements in the textbook. A general concluai.on that teaclier 

practices involving .student participation in the classroom exhibited 
the })i^,hest relationship to student performance on nie...sures of .affec- 
tive Inquiry objectives. " ■ 

The role of questioning in inquiry teaching was investigated by 
Ladd (199). Using AO ninth grade earth scinnce classei, tlie investi- 
garter found that teachers who asked a ^'greater proportjcm of )iigher inqi-iry 
questions caused a greater change in-«^^udents . Achievement of students 
was measured by a 'post-test exaiiunation v;hich was a modified Smith and • 
Meux Question ..Classification Sche^me. 

The relationship between inquiry teaching and int-?l lectual dovelop- 
^ ment was studied by Friot (110) who used certain study tasks described 

by Piaget and Inhelder to evaluate changes in reasoning, ability. Tlie 
. taks evaluated che development of interpropositional logic, I.e. formal, 
operations. it was found that some curricula were effective at sor.e' 
grade levels and not at others. The Time, Space, and Matter curriculum 
■ - v/as significantly more effective in enhancing tlie ■ dcvel opmeut of forna] 
operations than were either Introductory^ Physical Science oi Lartii f^ci- 
ence Curriculum Project materially. 

Thomas and Snider (353) investigated the effects of guided discov- 
ery versus didactic methods upon the ■ acquisition clrtain inquiry 
■ skil3.s. .Also, the .effects of method on the attP.'inTricnu of factual con- 
ceptual achievement V7ere assessed. One-hundred forty ei^thth grade stu- 
dc./ n vrere .used during a six week period on the subject m.attc-r "Early 
Man in Aiiierica." The results indicated that the didactic group did bet- 
ter in factual conceptual achievement and the guided discovery group 
did better for the acquisition of .inquiry skills. 

■ • Summary , Studies of inquiry teaching were' complicated by lack of 

clear definltic^s of this instructional mode, although the emphasis on 
student questioning seemed to be a fairly common thread. On the basis 
of . a very limited number of stadieS5.it appears that ' affective objectives 
and skill objectives were . satisfactorily achieved in inquiry . teaching, " 
' and,t!iat cognitive gains "were at least equal to those obtained by con- 
ventional methods of teaching. 

Comparative Studies 

Tills group of studies is divided into subject areas of general 
science, earth science, biology, chem.istry and physics. In the t;eneral 
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sclCLUce area, Tca'tes (351) compared tiie ..perf ormancex of ISCS and non- 
.ISCS ninth ad<i students on several, Piaget-lypo Lasses. Nineteen con- 
servation tasks using, color slides ^{f\d recorded tapes\ were* adjnihi sierc d / 
to about 250 ISCS and'non-lSCS studVnts respectively. . Students were / 
divtdod into high, medium, and .lo0.ic^)ilities on Liie basis of standard 
mental ability tests. Tliero was..;ti'0 dif f erciice in the per f oi'inance of 
student's of the ISCS or the .non-X'^^CS groups on the tasks test, but in 
both treatment ■ groups , higher aUiXy ty students perforrricd better than 
lower ability student-^-. 

Kline (185) studied the ^relationslup between self-directed and 
teacher-directed i^ighth grade students in ail open-ended ESCP laborafbry 
block. 'Ninety-seven studenfcls were involved in the study. The*rosuJ.i;s 
showed no significant difference in cognitive understandings of. the lal> 
block bet^/een teacher-directed and self-directed students. '£his indi- 
cated that junior high students are capable of independently using self- 
directed open-ended blocks as' .supplementary materials. ?>Jlnety-six per- 
cc.nt of all the students in -the /study statjsd a very hir,h interest in 
working with the materials and 90 percent indicated they would like to 
do additional work witii similar lab blocks. ' The results in^ii-eat^d- b>wit^- 
the^ development of othc*r lab blocks would be valuable, in view of the 
trend in science toward more use of independent study. 

Agne (5) compared classes in earth science that u^:ed orij>inal d-^.ta 
in a. researcl) approach with classes taught by -^iO4i,\LCi0i,iAji.il aDproaclies 
and not usin[^ such data. His purpose was. to deteri'iine ^\7reTTTrnr~tlTc:~"(rC^:u^ 
ing of meteorology and cliihatology by the use of origiu'^il da[a mi^hu re- 
sult in greater student c/itical thinking. Thirty cla/.st s in each- ■j^r-oup 
comprised the saniple. Ti/e data centered approach ef f Rotc-d^ 'a sigi^ri. f i can 1 1\ 
greater iraprovement in critical thinking-,hy_students tlian was ■ achieved 
by students in the ear th, science clasi^c^s no" ;isTn^y ' nr/d^^^ 

In a study of stuc^nts V understandings of seiencej Shep.nard (ill) 
at tempted ■ to determine junior high school students* understar.d: nf, uf 
the . ^entific enterprise, the methods and aims of science, and of/ c^cl- . 
entist's. The study .compared the Karth Science. Curriculum Project /and 
the traditional approach to general science teacliing. Results in/lical( d 
that the two methods of teaching junio** high school science pr odiyced 
■significant differences in .all areas. of student understanding. Tne. 
Biethods and alms of science, the sciientific enterprise, and the yscienti^st 
all received higher mean scores from, the Earth Science Curriculum Pro- 
ject sample of the tests for st:udent understanding of these areas. 
Lvidencc indicated that students V7ho were involved in experience type 
approaches to science^ had a better overall understanding of science! 
thav ■ those students wiio were taught by a traditional approach . ' 

. ' A comparative study in biology was done by Jones (169). One- 
hundred five secondary schools participated in the program.' The r'^sults 
J.uggested fliat^.in classroom activities the teach^er who has a more human- 
istic pu-giJ^^cpntrol ideology exhibits to af greater extent the classroom 
teac'ljcr practices •recdp.tpendc?d by; B.SCS than does the teacher v;ho.ha.s a 
More custpuia.l i>upil control ido.o]o);iy. ■•^:> 



Driver (99) investigated the associational factors betwccMn l)iolo^5y 
teacViet belieCG and student expression on understanding science and iir^ 
plications made by studt^nts re] ative to science facts. Her) the refiults' 
indicated that students who studied biology under the toacherr; v;ho were 
identified as experimental, made superior scores_ on both, the Test On 
Understanding Science aud^ the Facts About Science Test. Tt appe^ired 
that wiiat a biology teacher believes about experimcntali on in science 
tended to influence tudept ou t zoiTres iT0 science . Gpen-in i nded , expcr J 
mental i.sm-prone biology teachers consciously or subconsciously created/ 
an atnosphere more condvicive to learning science than did teacliers wi)o 
did not hold strong beliefs toward experiipentation . 

- — ^Jn chemistr]y^> Trox-el (25T) compared the student achieven.ents on 

the cornnioTT^obtiecJt^^ of Cni':;iS, CBA, and "Modern Chemistry" (liolt, Rine- 
hart, and Winston) c^ours'crs-r- — Tlig_j;^e^i^ts^^oT^h4s study indicated that 
the three courses were not equal Iv^^TecTt'lrvTr-^ 

tives. ClillMS and CBA doVeTopFd^^^abett^r und,CTStandin and 
scienc.e and developed greater ability ^or critica] thirl, ing. lBA stu- 
dents liked science ie^s than did studevjnts in the other courses. 



Denny (93) attempted to determine Wl^at mathei^iatics competency v^as 
necessary for students to succeed in chemistry. An analysis v:as ivade 
of chemistry texts copyrighted i96P-'1970. Ten mathematiqai skills u.sed 
by all the texts were identified. To ascertain the presence of these 
skills in the studetitSj^. the Mathem.atics Skill Test, MA^:T, was composed 
and validated The reliability and validity informaticn on this , test 

"ar>pea.]:.,Qd^ to- be exTTeinel-y tborougK. .It-^was conclude(ly tl»at b'AST could 

l)e^lTHrcd-7ra-s^:^^ dis.oerning. students^ need.s , thus providing 

an empirical basis f or""f u"ttrre--cixQjni^s try instruction. 



Diamond (94) compared achievement in r]!EMS a;vi tr -'ditional high 
iocfrses .based on the students* perc 
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schcol chemistry- cpcnrses .based on the students* percei> lions of the.ir 
motivation for^.s-fudying the subject . - 'Jhis v;as a quesi lonnaire study 
wil ' a major purpose to examine eleventh grade students ' , f.^^rception.^ .of 
their motivation for the election of high school chemistry. A coopera- 
tive examination in high school chemistry (Form 1969 of the ACS) was 
used to determine the understandiijg of basic chemical" concei)ts and the ; 
acqu^'. tipn of skills in problem^olving. TKe Test On Undei'^^tanding 
Science v;as used to evaluate student understanding of the sci^ntif^c 
enterprise and the aim^^ and methods of ocience. Two conclusion^ were 
cited. The first was that the majority of students elected to study 
chemistry for reasons otner than pre-prof essional purposes. or interest 
in the subject as a discipline. Second > the traditional curricula x^/ere 
more effective than CHEMS curricuOium for teaching chemistry to highly 
notiv^ated students with pre-prof efc'sional interest in the subject and 
f^ r""developing understanding of science and scie ntists in students v/itVi 
"a cultural interest in chemistry. ; 

Schmitz (302) compared the relative effectiveness of i fcilizing tvo 
, types of student participation in laboratory activities in teaching 
:dimensional analysis in high schooi physics. Sevcntv-tv;o fnnior and 
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senior studen'ts from five high schools were divided intio two groups, the 
•manipulative group and the non~nanipulative group. Tiu! first actively 
manipulated and i\ad direct contact with laboratory cqulpn-.unt , whereas 
the non-manipulative group viewed specially prepared photographic- slides, 
of the same laboratory exercises as those performed by students in iho 
manipulative group. Results indicated ^^that It was feasible to teach 
dimensional analy sis bot^'i roups of students using the lessonsj spe- 
cially prepared for This teaching program, However,., tlu-* level of actiievc- 
ment in utilising the elements of dimojisional analysis attained by stu- 
dents in the manipulative group "was significantly greater than that ob- 
tained by students in tlie non-mauipulative group. It was general]/ con-- 
cludcd that-'the manipwlative ^laboratory activities used as a part of 
tl^is teaching program 'contributed significantly to the level of achieve- 
ment attained by^atudents. ; • . 

Dietrich (95) compared ijelected secondary schools having high per- 
centages of physics enrollment with those having Ipw^ percentages of 
physics enrollment. In the schools compared, a total of 36 teachers of, 
physics, 175 physics students', and 173 -.twelf t][i grade students who were 
not taking physxcs "comprised tlie sample. lu the- results, many compari- 
sons are cited, some of which are the following: The typi*ial high per- 
.cent cMirollment school "hnd a larger enrollment in grades 'tc^n to twelve, , 
had a laiT^er percent of 1969 graduates who»went on to» four' year colleges, 
had a .smaller percent of 1969 graduates Who terminated the/ir formal edu- 
cation v;it]i graduation from higli school, was Tnore like.' y - to provide the 
stud. nit an opportunity to tal:e physics before: '.the; ±v;elfth. grade , offered 
more courses ih physics, and reported more science and fewer mathematics 
cour:,es as prerequisites to the pliysics course t>ian did the low percent 
enrollment schools, * . * ^ , 

In a similar study. Van Koevering (361 J- attenipiir^'d t^'o .ascertain .the 
cilstingaishing characteristics of hMgh schools with hir.lji and low enroll- 
lnent7s~H-iv~phyjsjxs^ He found that only a small- percentage /^f stMdents 'in- 
div « ed. that the phy srcs^"re'i'chB r— had— e-i.-th &x— gt'-^po^ it iv e / or ne ga ^ iy _e in- 
fluenc(^ on their decision to take pliysics, tliat guidanoe counselws were 
more stringent than physics teachers with regard to thp mathematics pre- 
requisite, and that physics grades were' in all cases liower than the gr^^des 
that students received in their other , academic sub^ecys. ' 

^ S ummary > -Gomparative studies by their nature vaory greatly in their 
contenc. .Many studies in 'other sections could correatl-y be called com- 
parative, but those cited in this section seemed to cSsxhibit dichotomous 
approaches to teaching or laboratory, w^ork, . or compared conditions in ' 
.schools of w.idely different enrollm.ents . It is impassible to' generalise 
on results, but' specific findings. are found in the ifeviev7S of the studies, 
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.COLLEGl- LEVEL ^ 

■ read .'cr Echjcat: j on : PcMjrses or P ror.rams 

Tli,e. /fol loving four papers all Involve cours'cs or jM o^^rati^s in Ica'ch- 
'er education. first study by Sagness (292) compared L\^^o "pre-servicc^. 

teacher education programs. One prof^ram emphasi/.ed cld^.sroom parlici- 
pation in scliools of two .rJif f-ercnt environmental scttinf!:^, urban and 
suburban, prior to s tudent teaching . The odier prograrr.> (non-projecl) v;a.s 
developed around inethods courses and other university based courses \;-itii 
few par tici'pa-tory exprrienc'es. in 'tlie public sjciha^ls^'pi dor to sludenl 
leaching. The sanxple was compo5jed of 98 secondary te:tchers in science" 
education. Some conclusions were: 1) the prv^ject participants had sig- 
nificantly greater knowledge of culturally de'p^i'^^J students at the end 
of t)ie first professional quarter than the non-project people, 2) the 
project student 'teachers held less puc:!M've viev;s of culturally deprived 
students and or the type' of activities nvhich should be used for science- 
instruction in an urban setting, and 3) the project student teachers 
used signif j.cantiy fewer of the type of activities thouftht to posilive'Jy 
implement the .general objectives of' .science educati.on than did non~ 
project, student teachers. 

A study by Avdul (1.9) vas designed to 1) exaraine the status of 
■teacher'""'frainipc preparation in the new elementary science prograiT«s in 
ir-.ethods classes of institutions in Ohlo> Kentucky, Pennsy 1 'ania , and 
\.'est Virginia, 2) Identify characterigtics of the me.tnnds courses avio 
j>)' examiQc*) opinions of the instructors abo it the nev; science progr<a-i3. 
Results of -the study showed that 1) the AAAS, ESS, SCIS , MLNNKMAST -pro- • 
j^raiTis are the r.iost widel>| taught new courses in the methods classe^is anJ-'- 
2) ins titijtions with grcciter enrollments expended TT»ore for sciencfi thrin 
smaller universities, ■ . 

The purpose of a study by Christman (70) was t;o ..et^rr.dne wiiether 
th • elepientary education majors taking a professional cour::e :;i/the 
teaching of science differed from- the non-e.ducati on m^ijors taking, a 
comparabl level content^. course in science related to the elciiientary 
curriculum and their evaluation of science teaching methods, Tlul inves- 
tigator administe-rcd^pre- and post-tests' . to all 215 sub;j,ects^" and randc;:i- 
ly selected 35 subjects from- five sections for .his study. There were " 
tv;o major conclus'ions : 1) elementary , education ^majors learn as much sci- 
ence content related to elementary school science whiile takln'g ft. science 
methods course as non-education majors.- enrolled iii a science content 
course^.and 2) changes in the methodology of teachers occurred pn Cfjr- 
tain specific teaching practices both among subjects who studic^d a sci-^ 
ence methods course and among subjects v;ho studied a^ science content 
course • . ^ f . ■ ■ 

Griffiths (128) attempted to evaluate a previ ously. BeveloJ^ed com- 
bined course in physical science contents. and methodp. A study group 
made up of students takinj.; tiie combined course in phyi::ical science eonT 
\ and mo-^thods wan compar-'d with ^Hree otjier groups . llhile all groups 



taking t\\v. physical science contfnt course skiowod signiCicant p,ains 

an '^cor^'i^ from pre- and post-tG^itP, thete was no significanL p,a.in made 

by Lhc-i study group. Th(i study yroup made the c^'t-'^at^st incrocise in cor- ; 

I'elat. -Jon with ciie judp;es .^30 as to be more like the idcali^u-c) teacher. 

Stud.'uLs in the study ^-^roup vere found to have more confidence in their 

abinty to teach sciouce and more enthusiasm for teaching jt. 

Teac her E du cation; NSF Prof^rams " ' 

The following four studies v;ere direcLly related to KSF prograps. 
llie first study, by Drew (98), dealt with a national survey of the' 
allocatlrn of fupds to coller;es by th.e College Science Improvement i^ro- / 
r,ram (COSIP) . Of 94 colleges eligible to receive COSIP grants, 29 were 
awarded ^hem. To collect inf orir.ation on student characteristics, ques- 
tionnaires were sent, to stuclents of the eligible institutions when they 
were freshman and again when they were- scnioVs. Institutional charac- 
teristics such as enrollment, selectivity level, percentage of Ph.D. 
on the staff, and number of volumes in the library vere included in the 
analyni.s In an attempt to identify variables which were related to sub- 
sequent receipt of a grant. The percentage of Ph.D.'s on, the staff had 
the most significant correlation. Grant recipients v;ere very likely to 
be non-sectarian liberal arts colleges which were relatively p7"opressi ve . 

A study by Irby (154) presents the results and conclusions of a 
survey of 120 participants of tlie 1961-65 academic year institutes at 
the University " of Mississippi to determine 1) t]:ie participants* eirploy- 
ment s'tatus one to'^five years after the insti atej 2) the extent to 
which participants had continued their forma!, education, securec advai.ced 
pos^itiou's, and changed .schools ; and 3) the participants' evaluation of 
the institutes curriculum. Among the conclusions were*. 1) teachers usod 
*che institute traini^ig in their teaching and the benefits were trans- 
mitted to their students; 2) pkrticipants experienced wi -er opportund.ty 
tc 'se their abilities and assumed positions of leaders'nip, vrltlv a strong 
shiit to college teaching; 3) participants have benefited financially; 
4) the in'stitute program created a strong interest in advanced degrees 
and additional academic work; and, 5) there was substantial evidence to ■ 
indicate that the institute program ciDuld provide for the upgrading~qr 
science and mathematics teachers' competei^cy . Hov/ever , several factors 
tended to m;inimize the Institute's contribution to the improvement of 
secondary school science and mathematics teaching: 1) the chronic aca- 
demically def icT^rU:^_tptr^"r»ers x^ere systematically excluded (records must -'^ 
provide evidence of gradiSate potential); 2) the best academicai-lyv pre- 
pared teachers vrere selected as Institute participants; 3). the sliift of 
Institute participants Irom secondary schools into coll'ege teaching 
posilticns (43. percent) ; and, 4) the relative number of/participants in ^ 
comparison to the total teaching population. One conclusions was defi- 
nit^e however , teacher's selected as participants have ^greatly benefited 
from the Institute prcfgram. 
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Sutherland /(Si'^Z) attempted to answer the question: "Do Natl9nal 
Science Foundation academic year institutes for cartli science to'aclier: 
serve as effective means for improving teacher suhj<'ct: r.iLter kno*'.^^ 
ledge of (^arth science?" Tlie population consisted of 33 NS< acadoir.ic 
year institute participants . from two 1969-70 institutes for earth sci- 
ence" teacliery . Analysis of data Indicated tliat NSF academic year in- 
stitutes for . earth- 'Science teachers vjere effective mc.ms of in^proy/ini; 
teacher content cotnnctency in the area of earth science. / 

. ' - ■ , / 

A study by Slawson (315) presented .the results oi a f'ollow-/ip 
Study of the acad'epic year institutes iii science condnctGd at the Uni-- 
vcrr^ity of Vir^^inia between 195/ and 19d7, and reported tlie obj'ective 
of ,the NSF academic year institutes to improve the overall quality of 
sci ;^nce education was accomplisl^ed . XWere were several conclusions 
drav/n from his study. • Among these wer^.:^ 1) there was a high rate of 
retention of formex academic year institute par ticipantso J ihe field 
of education, 2) ejxactiy one-lialf of the - responding participants were 
still engaged in t.ine teaching of '^^cieAce in- the public schooJ.s; the 
majoritry of the reiiiaitiing half were functioning in related cd.ucat:iuna] 
position.^, and 3) ithe former participants feJt the accdemic year in- 
stitute experience^ had made a very d^iefinite contribution toward iii^pro*/' 
ment i.f ' the qualify of science teacl-jing in the natibn^s sch^ools. 
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Teacher Edudation:: Attituder> 



Five teacher leducation studies 



dealt with attitudes. King (183) 



examined studc-nt tJeacher changes inl beldefs and practices^ related to 
teacliing elementary school science. I llie investigator deveioped and 
us jd a Q-sort deckj of 65 belief statements about science teaching prac- 
tices to identify jthe par ticipant ^ s y:)elief about teaching science. 
Three university instructors v;ho had\ taught the undcr.^^raduate science 
B^thods course, 20 elementary educati^on majors who were^ 'assigned to 
s'"*"dent teaching in tha fall semester\of 1969, and eacli of the 20 super- 
vising^ teachers assigned, to v;ork with\each student participated. Some ■ 
evidence suggested 'that s'tudents move significantly av7^y from the pro- 
^fej' s o r ^ s p o a aL_Q £_ . v;±ew af te.r sb-udGnt-'te^aching. --I'here was- no signifi""" 
cant change of ideas of .student teacher^ toward tfiose^/pf the super- 
vising teachers. j . \^ 



\ 



[ Pickering (265^ examined relative erfects of inq,uiry ^laboratory , 
inquiry demonstratidbn , or lecture- techniqvies" on the prospective ele- 
mentary teachers I att.itudes toward teachin^g science or attitudes toward 



different methods ofj teaching science^ and \ on their science competencies, 
One-hundred forty-nine prospective elementaVcy teache-rs participated. 
Two sections were dek i gnated. as -the inquiry^ demonstration pa'oups > two 
as the inquiry laboratory groups , 'and one a^^^ the control Rroup . The 
major difference in treatment between these Woups was student experi- 
mentation > student connection of data, and sSudent ''analysis of data in 
the -i4^quiry laboratory group as opposed to instructor experimentation, 
class observation, an|i' class analy.sis oT data\ throup.h discussion in the 
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Inquiry ^roup. There was no significant: difference in cittitudes towards 
different methods of teaching, science or in science compeLoncies as a 
result df treatment. Hov;ever, the upper" elementary majors v;ere signifi- 
cautly superior to the lower elementary majors on tlie criteria of sci- 
e.nce competencies . 

The purpose of a study by Staley (330) was to coTr.pare the effec- 
tiveness /.of a commonly accepted mi crp-^teachinp paradigm with other 
modc'S believed to be logically more ef f ic J.ent . f or teacher preparation 
inst'tutions having large pfe-service teacher enrollments, limited in- 
Ktru- tional and supervisory personnel, and limited amounts of 'class 
contact time. The population consisted of 240 pre- service teachers 
enrolled in an, elementary science methods course. The paradigms dif- 
fered in two respects: number of micro-lessors presented (one or two) 
.and number of pupils in the micro-teaching c3ass.es (fovi:, ei^^ht, twelve 
or sixteen peers) . Although there were no significant differences foui.d 
in the teaching oehaviors and attitudes df the pre-fee.vice teachers, tiie 
evidence was not sufficient to indicate equality among the micro-teach- 
ing paradigms. 

Sylvestre (345) res?-^arched the relationship between the attitude 
of prospective K'^ience teacliers toward the physical --^nd bioJogical sci- 
eaces. .arid t]ie_, collate .curricula in which tliey were enr':dled. lie hypo- 
thesised that the nttitude toward the sciences from m.:;st to least fa- 
vorable. wou].d be: 1) secondary school science,- 2) libv^ral arts science, 
3) physical education, and 4) business admd nis trat ion . T)ie pupu].ation 
consisted of 116 students enrolled'in the four above mentioneii curricu- 
lum g.roups. The findings v;ere in ,Agreem.ent except there was a reversal 
of the attitude scotes along the coi^tinuum for physical education and " 
business adrinis t rat ion majors and a relatively small difference In 
at ti-tTide" scores ai^ong the four groups. Analysis suggested that posi- 
tive attitudes toward science were proportional to the number of credit 
hours completed. 

Skinner (314) found no significant increase in critical thinking 
ability, in using""a tea.Ti-tauglit natura.^ science cours^e v/Lth 193 students 
„participat ing in the stud". There was a relationfihip between positive 
attitude and increase in critical thinking ability. 

Summary . A serious weakness of attitude studies is the lack of 
adequate instruments for measurement and vagueness about the meaning 
of attitude. A number of >::t:udies inquired into change in attitudes as 
a resulL of methods course work. Perhaps this apparent interest is due 
to expediency and convenience in the availability of a study group for 
research purposes. Other problems with respect to attitude studies 
have been mentioned in foregoing sections of this paper. 
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T<-.^v >»e.r Education: Technique; ^: . ' 

• , — . . • 

The following section contains the . review of several t:rcliniquL^s- 
used in teacher' education. The first study by Currlc (S5) was an lin-- 
ve^stigati.on. to compare the ef factivenesis of tv:o tedmJoues of teaching 
a sciente methods course in secondary educatJon to pros'oectlve science 
teachers. The main difference between the Leclmique.s was wliethnr or 
not teaclier aide experience v/as included. Studi^nts \;ho v^'ere e>:]H'SC'd 
to such an experience- in the methods courses were superior in overall 
performance of selected teaching, procedures . Thf superiority of t:ie. 
experimental group in overall performance ol the .selected toachij«vr pro- 
cedures indicated that the teacher aide exp.eriemle could be Incorporate 
into the methods, course without a disadvantage tcj the i.tudents. How- \ 
ever, there was np evidence to support, the hypotHesls that teacfjer aide 
experience viould increase the ability of the stucient trachit-r to pe-rform 
any one of the nine selected teaching procedures used in th.i,9 study. 

A study by Fitzgerald (108) included 52 sub.iects drawn randoioly 
\ from a population of 165 students in a .general me'thods course iminedj.- 
5 . ately .preceding the s tudcnt . teaching experience. Tliis invcir ci^'ation 
was designed to. determine the effects of *a perceptual riodelinp co2:*Gopt, 
presented during pre-service experience on the verbal heliavior of stu- 
; dents during their teaching fxperieuce." Tlie findings t)f -the study in-- 
dicated that student teachers v;ho received a perceptua.l modeling con- 
cf-pt -piesentation of interaction analysis during their pre-rsovv.Ice 
training showed significantly different verbal bcli.-ivior in rlic-jr clai\'^.- 
roo:]j performance. ' These student teacher's were more acr.eul: iuj;; o/ sLu^ 
dents' failings, gave more praise and more acceptance and claViiica- 
tion of student ideas, gaye less lectu"i:es, spent ie:js time in critU^ ' 
. cizing students, and stimulated more student talt. 

The. effects of three supervisory methods upon the de'/elopipont of 
a teaching strategy among science student teachers ^'ore tested by James 
(l*^^) . Three groups vzere used: >a traditional group who rece4"^'d visi- 
tation and conferences with the university supervisor , a- second- i:roup 
wlfich received the same treatment but additionally viewed and dli;cussed 
films of experienced teachers in the classroom, and a third group v;hich 
was supplemented by opportunities for each member to evaluate his class^ 
•room teaching behavior via video-tape recordings. Findings shov7cd thai 
student -teachers who practices self -evaluation via video.--tape record- 
ings developed Inductive indirect teaching te.chni'ques to ,a .greater ex- 
tent than did students in the . other -^groups . 

.Irwin (155) investigated the . question: "To what extent. do the 
■ child and the instructional task* influence the teaching behavior of 
pre~sorvice elementary teachers?" Two principal conclusions drawn 
J rom this study are: 1) thii effect of instruction in the use of .inter- 
.rri.iiMi analysis in which subject:s from all treatment, r^roups partdci-. 

produced "inori! simi lar i t.ies than differences in changes- of the 
r fa\-li Utj*. behavior oi" pre-t-cvv i ce elementary tearherv^- of science, and|^ 
. vjlu-i'e dif te.renees occ\irrud the ci^iJdre\i taught in : lue.nced reaching • 



l>.?h«;i-.'.i.or F.orct tlian did llic iiistrucLional task. 

Utrav/itz (33*^) developed an obf:;ervaf j onal .s'yylcn to provide feed 
bcick Lo iitudent: teachers in \)0t\\ t.lu' affecLivc tjihI coj;,: i. t i vg dor/ainr* 
in .science classes a\v\ to ex^piore the effects of using t)i'e syster' Cor 

-t^ d:>aeic — the- t ralninj:^ and super sion of Gc-condary , c i enec LitudCkiL 
tr'.aciicrs. There v;ero 13 student tdacliers inv(>lved in ' h i study. At 
the end of the student teaching experience, 5:Ludent te- cljers iralnL-d 
and super\Mscd witii this system differed s..iv',nif icantl y I'ron thcvse not 

*so trained in many ways; 1) tliey used more acceptance ^nd c] ari I'icatj r,'n 
of iJtndent ideas, 2) they had more s.tudent tcJik In tliei-r- classes, 3) 
they used It-'ss teacher factual talk. A) there was less teacher lerturir-T^ 
and they placed greater emphasis on the use of supportivL* and .'-.ccep;- 
ing brViaviors in corpari:^on to directing and controll.i nf; bc-liav j.oi?^ , 

'ilio purposes of Rusch's (289 ) study w.ere to dt^veloi) an instruc- 
tional procedure which- would give prospective secondare Kcl. ncc te.;t:hers 
alternative verbal behaviors which could be used in I'cu of rating ])e- 
havioj-s , ancl to measure this prx")Ceduf e ' s effectiveness by arialy'zinj; , 
Valing, 'and accepting, behaviors of the subjects prior to instruction, 
afler instruction, and the foil ov7ing semester durinr, St.udent teachin;, , ' 
Results shov-'ed there was a sicuiificant increase in the i:r>e of accept- 
ance behavior during student r.eacliing. A sif'nifirant dt-crease in the" 
use of praise occurred v;hich pen^isied in the student leaching. A 
sigiilf leant decrease in. tlie use of reinforcement accept iuee pair.^ oc- 
rurred. ' " * / 

Harris et a^l. (13 '0 examined the effectiveness of 'i-.iicro- teacli-inR 
e>:perience;i in elementary scie^nce methods classes. 'J'lu- micro-teaching 
experiences were found to be more effective than -single^ teaching exueri- 
ences in promoting gro-v^th of prospective uli::r..inL;r. y tr.-. v.'iiers in tr e 
f .-Alov.'ing ! the use of l^ackground information, perform.;- vc- of experi- 
ments by children, allov/ing children to develop cunclv..: J '-•us , helpi-.?;^ 
cVf'"'drcn verify conclusions, and overall response of c 1 'Lc:j' j-n to the 
studei.t teacher. 

Beisenherz^ (29) attempted to determine tlie degree to v;hich 113 
selected skills.; and techniques were "mastered" by 21 prospective hl^^'li 
school biology teachers . \^ P.esponses indicated that approxl-n.ately 30 
percent of tVie techniques vjere acquired during undergraduate prepara- 
tion. The author suggested a special course ;^ould be of i ered in lab- 
oratory tecliniques . 

Summary . An obvious trend in the studies of teeiniiques is a 
greater concern for humanistic behavior of student tcacheis. There 
is also an increase in self-evaluation techniques. Ifony researchers 
are utilizing techniques such as video-tapes, interaction analysis, 
closed circuit tielevi^'ion, and micro-teachlTjg . As greater emphasis 
is put on inquiry teaching methods and use of individuali7,ed instruc- 
t.ion the human qualities required in effective teaching comie to tlie 
i (>rt'ground . Further research. i"5 needed on the af f ect i asnects or. 
t*rnrhcr- pup j i i n teract ic»n . . ' 
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Tt ^nc h t r Edn rat" io n : Skill s and Que ? s t i on ing Te c:l i n igu es 

The next three stud,7c.»s are involved wit.li fik.ills su.h as qu»jsLion-r 
Inft. Larsen (200) attempted to dctennine whcLhor prosp.icl: ivc eJemenLary 
school science r.eacliers could be trained' to idenLify th-;^ inquiry strat- 
egy for teaching scicnco. A second purpose was to doLermine whether a 
social siibstautive schedule or a inlcro-teachinp tcchnncMe was more ef- 
fective'ln training prospective teachers oto identify and demonstrate the 
inquiry stratep,y of teciching science, Methods, students in the study re- 
ceived common training during the first six weeks. During ■■ tlie next 
seven wc^eks , 2h students received training in the use of the social sub- 
stantive scluidule. The remaininj^ eight students part f Ipated iii elrlit 
v;ffeksi of ici cro-teachin^, . Sf Both the social substantive srliedule and Tiuci;t - 
teaching exj)erience weie effective n^ethods for iinprovinr. the elementary 
school science; teachers' ability to identify teaching, stralep.les. liov:- 
evor> no significant difference was found betv;cen the n i cr u-- teachinp, 
techaique and the social substantive schedule in. increasinrz prospective 
eJemcntary school science teachers' ability to identify or denionstrnf.e 
inquiry ^itrategy. 

Blosser (A5) investigated the development of the skill of effec- 
tive questioning by prospective secondary scliool scienro. teachers. 
Forty-tvo pre~servlce secondary teachers were studied over tliree aca- 
deiaic quarters. Results indicated that questioning appeared to be a 
skill tliat could he developed throuph instruction and practice. Tlie 
dcvelop-jicnt of questioning skill di(] not appear to be limited b\ in- . 
tellige-nce> sex, personality type, or educational set. 

Konetski (188) repor Lecl.-;.the resul ts of two instructional strate- 
gies on three aspects of pre-sefvice bcience teacher behaviors: 1) the' 
number of di.vergent and evaluative que^ritior*.:; .;sk' d > 2) tlie proportion 
oi" diver j^^^ent and evaluative questions asked, and 3) th:'. total number 
of questions asked-. Findings were that 1) instruction ir cl assif yirp, 
arid ^'-r'.signi.ng questions significantly and .posi tively afle.cted both 
the auiiiber and proportion of divergent and evaluative Questions asked, 
and ?.) conferences betv/een the instructor and the student teacher v;ere 
uiore effective in affecting the divergent and evaluative questions 
asked when used with forinal instruction. 

Teacher Education:- Mi s cel"^* aneous 

The first two studies deal with supervision and administration. 
The first by Pierce (266) attempted to examine the role of science di- 
vision heads in "regionally a^.credited public and private junior col- 
leges in the United States. Using a survey technique, he found 1) the 

■role of science division heads was relatively uniform j 2) the private 
department heads were paid markedly lower salaries than public junior 
college department heads, 3) almost 60 perceat had too little time for 

.effective performance of their assigned tasks, and 4) the major obstacles 
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nenvionccl by science c'Lviyion heads were lack of time and the Inabil- 
ity i.') yui.in and maintain the confidence of their teaching s!:aff. 

" ■ . . ■ [ 

V.'h^at (382) .atternpted to identify technical .skills of sc:ience 
supervisors and to develop a science supervisor technical skills inven- 
tory. Technical skills were identified within eight fa.ior task areas 
including . Icridersliip » ciirri culuin development , in service education > sci- 
ence Jacilities, equipment and materials, science teaching inelhods, sel 
grov'th, anci puh]ic relations. A nar.ional jury conipospd of state sciene 
supervisors, local science supervisors, science educatnrs, and director 
of National Sci enc e Foundation Institutes for science supervisors chose 
the ir.05^f important technical skills froiri an ori>^inal list. Findings 
from the study rcsultf?d in a list of 180" technical skills of .science 
supervisors' which had received the endorsement of 75 nercent or more of 
the national jury Jury responses placed a hi[^her' priority on skills 
orjcnted toward the overall supervisory functions and a lov;er priority 
on tliose skills closer to the teaching process. ' ' 

Sparks (329) atter.ipted to identify prohlem solving tech.niques em- 
ployed by frcshnxn college biology students and to present, implications 
of problem solvinv tecuniquev: for secondary school tdujLchers. Two group 
c.r .ten students v/ere selected to participate in the study. One groiip . 
■ was de,-ii>4na ted on the basis o£ various test scores a4 successful proble 
S'.^lvc.rs and tlie other p.roup with the lower scores wa^ designated as un- 
5^uc-c<iS::f ul problem solvers. Sparks found that the :Sijicce3sf ul- i:tudcnts" 
made u^r-c of problem soj.ving teclmiques and arrived at ro'»-e ]o|»i rally 
,^ound and correr-.i" concl.usiona' than the. -unsuccessful .Students. The un- 
s\ir,cessful sulfjects attended special 15 minute problt^im solving practice 
sessions for live weeks. Upon coinpietion there was a sipniiicant dif- 
ference in theJr ability to solve problems and their Igrades increased 
in the second semester after these sessions. -i 

Hills (227) attempted to explore, through direcp anc systematic 
ob^ ^■ation, the behavior of pre-servlce elementary school teachers 
when solving task-oriented problems. In addition^ the effects of criti 
cal thinking, cognitive style, and choice of teachinj^ level on problem 
solving, efficiency were analy^.ed. Analysis indicated that no one strat 
cgy was consistenly employed by students when solvit^ig task oriented 
probleias whicli bffe.red alternative solutions. Ther'ife were no signifi- 
^ cant effects on problem solving efficiency v/hich coold ])e attributed 
to critical thinking "ability , descriptive part, whdle, or relational . 
contextual cognitive styles, or choice of teaching level'. 

Dee (89) tried to determine whether certain specific scientific 
knowledge and the ability to identify the process of inductive teach- 
ing had an effect upon, thd ability of iOO future teachers to apply an 
inductive approach to a classroom situation. He found that a student 
teacher with knov;ledge^ of basic scientific principles and tiie ability 
vto identify the inductive method had a significantly stron?:er capa-; ■ 
bility. for applying -.the inductive teach|f.ng 'method than clJd a student 
teacher v.-illiout tlvis kt^o.wledge '^nd abil|ity\ Ko relation::h'-'V» i'aurrl 



betvecn n student: teacher's ability to identify the inductive teaching 
metliod and his tendency to S(.>lect the most inductive method as having 
th(?. greatest potential for learnin^^. 

l-eie (241) investigated the relationship between performance by 
subjects on science process tasks and abi].ity to coirprchend, through 
contextual clues, the operational roeaning of verbal direction^' specific 
to these tasks'. He concluded that performance by the subjects on se- 
lected science process tasks vas dependent upon an ability that is re- 
lated to a general verb5tl ability, but was not .dependent upon the pos-* 
sc'ijsion of ah Extensive science vocabulary, , ■ 

McCorma'ck^s (21?) study was designed to determine the effects of 
^ modified elementary science education methods course on a studc^nt's 
creative thinking, sel f -evaluation , and achievement. The expciV i.mcn tal 
^roup was found' superior to the control group in gains of fluency, 
flexibility, and originality. No difference was found between groups 
in achievement scores. There v;ere no significant- differences between 
groups in self-rati.ngs of achievement of cognitive course obj ectlve.":; » 
The findings suggest tiiat creativity can be improved. 

Nickel (247), using interaction analysis . examined the relationship 
between student teachers and cooperating teachers Twenty-three second- 
ary science -student teachers and their cooperating teachers were observe J 
The verbal interaction was encoded using the verba! interaction caXc^rory 
system. He concluded that student teachers emulated verbal behaviors 
of tlielr cooperating teachers > Implying the need for teacher training 
institutions to expand the role of the cooperating teacher in shapiij^. 
the behavior of the s'tuden t ' teacher . 

•Bender (33) studied the human reprodur r i on knov;ledp,e of 163 pre- 
sv»ective elementary teachers. Some of the conclusion?; included: 1) the 
sampled teachers were poorly prepared in terms "of sexn^il knowledge; 
2) factory such as father ^s occupation, type of ' coTriiiuviity , educational 
spe<..' 'dilation level, had no •appreciabl e bearing on scores; and 3) fac- 
tors such as marital status and number of sisters and brothers had an 
effect on the ^scores achieved by the respondents. 

Weinstock and Crawford" (378) attempted to determine th^ relation- 
^3hip betv:een elementary school teachers' theoretical educational frame- 
work and a forjnal methods course in teaching elementary school science . 
The initially logically consistent student teachers did not show any 
change as a.result of havini> the course. The group^which had not been 
logically consistent initj.ally improved sign'^f icantly . 

Sv;mmar y . .One trend of.intere"st is an increasing tendency to con- 
ccMarate on" basic teaching competencies, i.e. Inquiry strategy, ques- 
tioning skills, and problem solving techniques. More research is needed 
on identification of the basic teaching competencies and instruiaents to 
measure them. " % ' ' 



Cu r r i cii3 urn Devclopmon*- 

Tiie following six studies all involve so\\\e aspect of curriculum 
development:. The first s':udy by McAda and Westmeycr (210) is a de- 
scription of a curriculum development projecL for coller.c instruction 
in science. Its major purpose was to develop or produce type Instruc- 
^tional tuaterials Xv'hich would utilize two procedures; J.) mechanicaJ de- 
' vices for pre.senting routine information, and 2) instructional procedures 
w])icb allowed students to assume a decision nraking role. This was a 
devcloprnentai project (}esj.^ned to, free the laboratory Instructor and 
give students more choice in-plannir,g their work. It was found tii.-.t 
students iinproved in total labor;vtory proficiency as measured by tlic 
Jeffrey Test developed by the school. 

Scliechter (29A) attempted to identify, analyze, and evaluate the 
actual practices delated to curriculum, articulation, and sequential 
planninp, ^^tudents, and' geuneral attitudes towards hi o] ('[^icai science 
courses offered by California public junior colleges cind to recoir.mend 
desirable practices re^;arding biology courses for non-science transfer 
students. Some recojiunendations included:" 1) ■ an ijitegrated biolo>jy - 
course With lab experience covering two semesters for tlii'ee units per 
semester or the quarter equivalent , should be offered to non-science 

trarisfer sLudents, 2) a' core curriculum should be developed for biology 

majors, and 3) more use should be made of advanced plricement examina- 
tions. Although separate courses for majors and non-majors were fa- 

^ vored. ihis de^cision should be left to" individual institutions, 
i ■ . . " ■ ■ ■ 

Williams (388) made a study of the biology curriculum as an ar^ea 
of instruction „in the junior co]. leges of Alabaria. For this stuciy he 
collected data from literature relating to geni?.ral biology in the tv/o 
year collf.-;^^e- and used a questionnaire completed- by the instructors of 
the- introductory biology course employed by two. year colleges in, the 
otnte. Instructors w^ere found to be "reasonably" well prepared, carry- 
ing excessive J oads , and deficient in relation to membors^.ip in profes- 
siOti, ' affilianions and professional activities. The students vjere 
claimed to possess uv. realistic academic goals in terms of their desire 
to transfer. Some other problems mentioned v/ere crov;ded conditions, 
deficiencies in laboratory ^equipment , deficiencies in funding for sup- 
plies and lack of a consensus among instructors about what constituted 
appropriate programs of study for general biology in the junior college, 

Hidili (225), usin^ a sample of 80 students com.pared the dropouts 
v;ith persistors in engineering technology programs. The findings of 
the study indicated that th^ groups differed significantly with respect 
t6 achievement, interest iti science, mathematics,, and technology and 
attitude tov7cird mathen-.atics > technology, and engineering/ Some of ,tbe 
factors, influential in program v;ithdrawal were loss of interest , dis- 
couragement with courses, and dissatisfaction with "technology" teachers.- 

Charlier and Gharlier (69) conducted a suivey of the course offer- 
' Ings in the, earth sciences and geography of 100 colleges and the * 
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cer Llf icat ion requireT)ents of^,..gi?cni;raphy teachers in the 50 stales. This 
study of college f reshmen^revealed widespread ignorance of geoj;raphic 
concepts. The authox^x-^resstid the need for better teacher education 
programs in geograf)tiy. 

Chappeljr*' (56) created a model for predicMng the unit cost of de- 
veloping^.-stUf-ins tructionai materials in higher education biology and 
physical' science. The costs not accounted for in these predict ions ■in-^'"'* 
eluded development of objectives, selection of appropriate instructional 
strategies, and the involvement of non-developnient faculty and staff 
to the extent that;^ optimal use of the self-inrjtructional materials could 
occur once tliey were developed . 

Summary . Many of the 'studies in curriculum development tend to be 
local nature and would be of minimal interest to other regions. More 
research should be done in the area of teclmology. Many community col- 
leges are finding their technology areas have a higlv dropout _ rate and 
are very expensive programs to operate. The literature is devoid of 
significant systematic research on the technological Impact of community 
college instruction, . . . 



Devel opment al Studies ' 

■. . ■ * . " ■ l 

Leyden (205) designed a laboratory-oriented college course in en- 
vironmental geology. His p.urpose V7as to ..design a beginning course in 
geology which not only accented ,.the sociological implications inherent 
"in the study of geology, but also presented the., learner with the op- 
portunity to solve geologic problems by using laboratory techniques. 
Leyden used five conceptual schemes which he considered- cssentiaT^tro- tjie 
study of environmental geology. A unique part of his study was an at- 
tempt to find out, by rating system , which ■ of the activities and projects 
he suggested were the most effi.ci(Snt foif the time involved. Leyden ns'^ed 
three science educators and three geologists to tale eac'^ of the activ- 
it-;is and projects as efficient use of time, neutral use^ of time, or in- 
appropriate for the course. Results from the panel of reviewers were 
included in his project. ^ '! 

The second developmental dissertation describes - a*"; systems approach 
for designing carrel experiences for science students. This study by 
Russell (290.) ii cludea a brief history of. science carrels dating from 
1961 and Po6 tleti.waite 's work at Purdue ^University . Because of tlie need 
for many teachers to dr.veldp materials for use in science carrels, a 
model was developed and described which offers a logical sequence .and 
\structure for instructional decisions. The author, after field testing, . 
■put forth several reconmiendatlpns , among which v;eret 1) school systems, 
should provide released time for teachers.to develop science carrels, U 
2) all teachers should be required to take fundamental courses in'the 
area of instructional development, including programmed ins truction and 
carrfel design, and 3) schools of education and audicj-^visual departments " 
should prepare instructional technologists to desi^vn learning carrel 
activities. 

■ • ■ 71 
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Evaluation Studies 

. lircicjomeler C50) developed and valldaf.od n particular scicMU-.e re^ 
lated proces^ hierarchy. Tlie students taking i>art in the valichTtion 
of the Initial hierarciiy v;erc 80 prospective eJen\entary teachers. 
Va];idati.on wiil'i respect ito the effectiveness of tiie learning, '~:eciuence 
wafe cari'Led ui t by coiapar.ing propor t i oT students successful in 
performing each task- bef |:)re and after instructions. For no hicM:- 
archy task was there a .si^;nif leant imprpven^cn ton both test exercises 
fo]. lowing presentation- of a learning, ?^'.erjueiu-'0 . 



ElfJenstat (102) compared student achievi'inent under two ' dif f erent 
methods of testing;, using' surpri,se tests in one case and announced tests 
in the otlier. Sorr.e of the findings include: student achlevenient was . 
significantly higher und,cr. a surprise test system In general coilege 
math, life science, and world geograpliy. In physical science there was 
no significant difference in ach^ieverrent betiv'een groups. Analysis of 
the questionnaire revealed that most students did not like surprise 
tests. Host students felt surprise tests forced them to keep up-to- 
date, but they believed' they v:ould liave kept up-to-date even under an 
announced test system. Students reported that preparation for surprise 
test classes wais no moi*e time consuming than preparation for announced 
test classes. 

Schell (2.95) attempted to determine the relative effectiveness of 
interim testing in .using programmed material on achievement and reten- 
tion among coilep.e students . .-The population, included 68 students en- 
rol] ed in gpheral science for in- training teachers. He concluded that 
interim testing when used in con;)unctl-on-with .programmed -instruction 
made a significant dlfferDncc on intermediate achievement as well as 
on retention. ■ ^ 

Zeimet (^00) wished to see if color tvvo by i:wo projection slides, 
^uld be used as substitutes in zoological laboratories for the con- 
venclonal musical chairs type of practical examination an.i mOj if 
thei.a would be a saving of instructor.*s time. No significant difference 
in achievement v;as found between tj)^ conventional and j)rpjection groups. 
Some conclesdons W'^re; 1) it v;ould be more difficult for students, if. 
so inclined, to cheat* on a projection practical, 2) student attitudes 
toxsrard the conventional or projection method were -definitely affected 
by subject matter,* 3) more students made higher scores on projection 
tests than ;on conventional tests, A) use of projection tes' s could re- 
sult in a great saving of instructor 's~' preparation time, and 5) the 
main rieason fnore college) instructors, do not use projection slides in 
, testing is their bell.eJI...itb..at the manipulative process is necessary for 
learning. - 7 - . ' 
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Student and Tcaclior Charactori 5t Ics 



The fo.]]ov7in}> five ytudies deal with student and teacher char- 
acteristics/ Haiiia (272 ) investlgatcisd w]:at prospective science teach- 
ers believe are t!ie most desirable . arid Jeast desirable traits of an 
ideal pupil.- The population involved ^0 science education students 
in a regional college of education in India. Raina found that while 
males and femaLes differed in their p^.rcept:ionri regarding the most 
valued traits of an ideal pupil, ther(i were no significant differences 
be/tween the tv;o groups T'op,arding the least desired traits. There was 
complete variation bet\r;een the perceptions of the '^creativity experts^' 
and the prospective science leacliers . Raina concluded that the pro- 
spective science teachers would encourage, conformity , obedience, and 
non-creat ivity - ' ► 



The purpose of a study by Ault (18) was to determine the effect 
of students' Initial attitude towards science %'and science-instruction, 
sex» and edu^cational set on success with programmed instructional ma- 
terials on the basic gas J.av;s . The 'research indicated that: 1) pro — 
granuned instruction could be nyed to teacli basic gas' ].avs to general 
education cheinistry students, 2) cog.ni.tive style did not influence 
> achievement resulting from the ins tiruction presented in this study 
\3) some evidence that the attitude of the individual influenced r^ucr 
bes.s on the criterion test, and 4) a possible relationship b*?lwef:n 
sex favoring 'tjie male population, and the attitude of the indivi-luaJ 
toward science and science education. \ 
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\ ' In a study by Spangenberg (32S;) the problem was to determine the 
relationshj.ps bei:ween academic achievement, student attitude, and ver- 
bal interactions of students as they- worked . in a zoology laboratory. 
Tafie recordings of student conversations in the laboratory v/ere ana^ 
lyzed to determine the percentage pf , laboratory ;:iiTte spent in lesson- 
centered discussion, irrelevant discussion., questioning, ■ teacher-talk 
^nd silence. Some conclusions which- werej drawn from th *<^ investigation 
Ir l\ide: 1) high academic achieveijient was associated with positive, 
student attitude toward a course in general zoology, 2) students who 
held positive attitudes toward a course in general zoology asked more 
questions in the laboratory and engaged in the least ampur^^, of student 
laborktory tal.k, and 3) a student's class rank or attitude to;vard the 
class 'did not influence the amount of help an instructor gav'-^- to a 
student . . 

1t\ a study by RobcrtcJ and Blankenship (283 ), a sample of 1Q8 ele- 
mentary student teachers were aditiinistiered the Pupil Control Ideology / 
Form (P.Cl Form) before and after stud4nt "teaching. The student teach- 
ers' peirceptions of the^'r cooperating , teacher 's pupil control .'ideology . , 
were measured, using a modification of the same fo^rm* This study pbint(id' 
out that the Pupil Control Ideology ofi s.tudent teachers as a group be- 
came signif icanjtly more custodial during student teaching. Findings 
"Tndicated that^if a student felt- threatened , unless students v;ere -rig- 
idly controlled, effective use' of inquiry curriculum materials Wcis 
reduced . \ * - 
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McKlnnon (2l/\\ il^alt vrltl*. the influence of a collcp,e inquiry ccn- 
teicd coume in science on student entry'- .into tiie formal oporational 
ytajL;a. Fi.ye tasks dcsign.c;d to determi^rte whether the student did think 
logjcally v;hen prot^enteJ with., probleirfs were piven to students,"^ This " 
btudy found that 51 percent of tlio^ students' initially tested were >^ 
operating, aL Placet's lowest, level of operat-.:ional t;hpup,ht (concrete), 
■with anotiier 2j7 percent not havi'n^ attained his criteria for fori'-al . 
thought. yVt was reported' tliat the- newly develop.ed inquiry oriented 
science -'course iiad an appreciable effect upon sl-udonts^ capacity l^o 
think lo^;ically. 

Summary . ;Many oi these studies reflected an increasi ng • interest 
in the i-itudent'as a person and. his perception of the learning euvi ron- 
menL. Other than J^'cKinnon's study little has been done with Plapetlan 
studies on t?]ie jtcoll ege leye] . V/ith recop.nit i.on Liiat tl.-.: forinal opera-- 
tional level of tliinking may in many cases be delayed lunti.l late- hip,/! 
school or early college years, additional Pia^»,etian research suould^'be 
initiated at those instructional levels. ' 

. ; ' / 

Students* Rea ctions to Science ' j i 

u ■ . 

There are two. studies dealing with che students', reactions to sci- 
ence. The first by. Ballard" (24)'was to deterniine if there! were chanp,es 
in reactions of beginning college biology students to bicilor.V aTid'hio] 
gists from 1955-1908, if there have bcun changes in thr-tse jre^'Ct u^p^- dur 
ing the past 13 years and if tliese changes related to the j type of bi- 
ology course the student liad'in ]ji^;h school. He used a quest i onnal re. 
administered to 223 beginning:* biology students. Their i:esponc;es were 
compared ^'itii a sinilar group ';of 460 stujdents in 1955.1 Results of^tbfii 
study tended to indicate that progress has beer made- 1 ri' ijncroas ing tlie 
awareness of high school biology students well as .slurients in ge^n- 
eral, of the importance-., of biology and the work of 'bioloffis ts , letter 
understanding of certain theories and concepts, and a rtO>( - renllritic. . ' 
un ^ -rstanding of the complex it y'^^^' biology. » ■ ' 

\ ' j ■ ' -I 

Wood (395) examined the concept of the nature and proccs:ses of 

science held by cpllege students enrolled in e-lementary /and secondars 
education. The secondary science education students scored ' signifi- 
cantly higher than did primary or intermediate education' students . 
Little relationship was identified between sex, number/of ur /ersity 
science courses and years of ^ligh school science and knowledge .of tlie 
nature and processes of science. ' 

■ ' > • 

High School Prepar/ation aind Coll.ege Achievement 

Jhe following foT>r studies all deal with the relat;ionship between 
high school preparation and college achievement. Three of these coni- 
parc tlie college achievement of s^tudents wlio \:sed yaribui: curriculur 
, projects in h±[\h schc . ' Ih those vhr did oot. Tamir (3A7) v;a;? criti- 
cal of using enr<;liment' daia l;o determine success oi BSCS "courses ' • ' 



versus uracil Liunal courses. He reported that if various sources were 
studied > differ-ent: information v;as bbcainod, \so ho quc:.-^ t'ioned,^ the re- 
liability of /thc-se data. He suited that studies of colllege studonl.s 
who di/fcr in high school preparation are still needed but such studio;^ 
v;t&u!ld.bc far more fruitful if they concerned themselves vith specific 
questions c. s wel] as v;ith careful analysis of relevant? variables in 

' ihcir iriteractions instead of .inea5vurinp, and only general achievement. 
Some of Ills .findings showed that BSCS students compared with traditional 
rstudenty \vore less .likely to Tail or dr6p out of introductory biolo?:v; 
^mon'^ the BSCS versions (blue) sti.!denLi;5 showed the highest rates of 

r-^ailure and attrition, but* (yello\v) , students rarely fdiled or dropped 
out. Studer'its who had a laboratoi'y block "^n hif^h school achieved and 
allied, in coJle^^e introductory biology significantly more than; did 

^students without a la])oratory block.. Yellow version studentsWi^d t'he^ 
most posi 1 ive and blue version students the least positive attitudes 
towards biology babied on their crlterda. , • . 

I'" • Kruglak^- (1^95) analyzed pre- and post-Sputnik physics background 
";6f 700 hipji school' students . Ho ]v.ade a comparison of 1958, 1963, and 
•.%1968 khovlodp,e of \.hy.slcs a"? shown by the Duiming Physics Test. He 
CiDncluded rheje were no significant differences, due to school size; 
(method ^p.^ ' r.struction , traditional versus PCCS course; or student rat- 
ing of teacliers' qualifications. The 1963 group v;as' found to be far 
superior to the 1958 and 196B groups. Hale ach^ievemenu was signifi- 
cantly liiglier in all years. - - 

/ Granger and Yager (123) atr.empte.el to determine if BSCS and non- 
B3CS .high school programs prepared the general liberal arts ^students 
equally well for a typical introductory biology course at the college 
level/,.' ^ Also an attempt was made to" compare attitudes towards l)iolog- 

. iCcTT SGi-e.nce. with regard to type of hlgh^scliool background. The. pbpu- 
latio'^i .3nGj.lided 299 university student.'^ conipleting the first semester 

.of . inlrr^tjvdoctory biol6gic.al life, science'. There were no significant 
di'f f eircnJ^Ci'S f„ound between BSCS and no.n-BSCS st^uden'ts in "^hievement In 
hl^^*' si'c;bbol or college level bioft)g>v. The. BSC? course was 'found to 
generate' more favorable attitudes towar-d biology. 

A study by Cottingham (83) had as, its major purpose to measure the 
drf f erences. i^etween the .levels of yachi^yement of freshmen general chem- 
istry students as related to 'the bype' of high school chemistry curricu- 
la they had experienc£}d. , The two. types of high school chemls.try cur- 
ricula studied v;e?:e' the CHEM .study and the traditional programs. Find- 
ings indicated 1)'^' that tht'^re-v/as a st-a-tistically significant difference 
between" the achievement of the .CHEM study and the traditional groups on 
■ the achievement. ^t.est Which favored the CHErl study ^^roup, 2) there was 
^also a ^ignificaiitt .Safference' between- the-^^^o grades favoring the. 

CHEM study groups;- afid 3) there; was no significant difference betvjeen 
high school grades earned by the two grou^Ds. 



-• ■ ' / . • .1 

■ • \ 

( oi:;par^:\Vi v^' Si v;<yxv2^: i .nb o-t:>i L ory ij r ogr aniH 

, ♦■ollowing is. a- group or compllrativc siudicr:;. 'flie first minor caLo- 
j?,ory contains seven strudie.'-; invoJylng the lai>orat;orY prof.ran. The fir-fit 
of tiiGse, by Sickcl (3"3A) , compared tlie effectiveness of two different 
labora tcfry -pio^^raKis in a rollepe ph.yslcal scAour.o. course. The tradi- 
tiona". laboratory prop.rarr in whi c]h. . t.lit;- Rlud^^rfs perforred e/^er^cises frori 
a laboratory m.mual was uju^d as a contro] Th^- experimental f/roun ein- 
phaiiized sTuriont i nvolvr^rjen t: in problem seJcction anj^ experimental do- 
^n.Rn» . Th.ere v/ere. two teachuiVH and 1S5 students involved in this study, 
Tl'iU- resuj.tr, shou-ed the l;.iLoratory program affet^ucd. si f;nif i cantly tlie 
studt^nts'- unders tcindinyv of the aciion'^a or operations of the scienti^'.' s. 
Thivre was no significant difference found in the students' critical 
tliinkir^^^— eTel^iXj ty , attitude tow.ards science , ^or re tenti on of selected 
scien'ce , concepts . .An attitude retention survey implied [greater satis- 
faction when students were given r.'.ore oppor tiuvi ties to investigate prcb- 
le;.»s of interest. - .■ 

Bybce (57) evaluated tlie relative effectiveness of two approachds > 
to a j:^enoral educaLiou earth science course at the college level. The 
experimen Lai j'roup of ^siudents v;as exposed to an individuali^.ed lab- 
oratory whfle the control f;roar> rt:i"gj^lved the lecture-denions trat ion ap- 
proach. Ko sj'.gnif icant tfiiffcrence in achievcirent _was iound, but the e>-- 
perit-i;ental group showed incrx^ased Interest in science. 

CHrouser (71) investigated and coFipared outdoor a-.:d indoor labora- 
tory approaches in biology upon prospfotive ..ieipcntary teachers in tb.i>lr 
understanding of the social aspects of scieniOj achievement in selected 
biological principles, understand in;^^, of sca'c^.ie as process^ and abi.liry 
in critical thinking The population con*' J sr^:^-d of students enrolled in 
a biology course dasi^^ned for prospective ^.'/ lentary \cachers. ^ Results 
sh^oved t.lie t\-;o groups differed significauL^iy iTi Lne s'pc'-:if ic bio.! o^.n^l 
prfnciples in the laboratory activities and in the understanding of sc?.- 
once as process. The tests for che biological princip]. ^ in ffeneral and 
cr 'ical thinking showed no significant difference* 

lloff attempted to compare the relative effectiveness of three 

different approaches to the teaching of a college general, education as- 
trp_nor y-^iaWrairor^ approach, an inquiry approach., and^ a 

lecture-demonstration apprcacl;.. Three, sections of a general college in- 
t,roductory astronomy counse f ronT a mediu m si^'. e inldwestern university^^er^ 
used in this study. None of the three approaches ^vras significantly bat- 
ter tor achievin^^and rt.**^;iining "knowledge of facts and concepts. There 
were significant differences on critical diinking, subject preference, 
and transfer. The investigator concluded that inquiry activities should 
be used in general eoication astronomy courses to proniote critical think- 
ing,'- subjc ct interes:, and participation in science related activities. 

Godorisky (121) .endeavored to determine the effectiveness of exp-eri- 
ments without explicit directions, programming of prereqn.isite canabili- 
ties for nach of four basic experiments , and using performance problffms 
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propi*a^:u:kv! . for computer evaliial ic^n . .RcisulLs on .pc;r f ori;.rince t^sLs used 
In this study indicate chat: the design of Irjhoratory J ns trucrttnr t n- 
C2X'-3sed l-iQ 'r.lAident^ s prohjoin ;-;olving ability in physliral chemistry and 
that the lahoratory could be a valuable instructional techniqvie in chev"i- 
isti'Y it. the c'vperiment.s were p.eauine prohlens without explicit direc- 
tions. ; 

Richirdson and Rnnner (280) compared the perf orir'.nce of - college 
students in an inquiry approach chemistry l.iboratory lo those in a con- 
ventional laboratory. The srndy sliewed t;je inquiry rKtliod' to be superior 
on the iabor^uory exar-in.jt ion:.", used. 

ConiiT^i-at i;^;^e^ Studies : ^'^Gtj^od^5 of T ea ching i 

This group of comparative studies is concerned with teacljinf! metliodr^. 
The first study by Smith ('3.17) was a comparative study of tv;o rethods oT 
tear.hinp, physical science .to college freshmen from disadvantaf.ed back- 
|;rounds-. Hiis study compared the effectiveness of an experiir.cGital stvuJent 
eentert-d nethod to a traditional method of teaching pliys-ical science to 
di sad^aut :if',ed colle^/e freshmen. The experimental Rroup scored signifi^- 
cantly h.i:.,iior understanding; of the methods and nature of science and 
the abili:y to think critically in non-scientific areas. 

Harvt!y (13C>) attempted to determine the effect of the pl-iyincr of 
<a science learning fvame on l:he cognitive and affective proceor Jcarninp 
of black r.raduate students in elementary education. A concux*rent' treat- 
ment grou]5 using a 3 ecture-discussion format v;as used as the conttol. 
[Ihe remits indicated significantly superior y>ost-test res'^l'-s in' achieve- 
ment in- science 5' attitude toward science , confidence- in science, and 
'the learn in ^: of sj^ecific concepts taught in tli*^ game .*^or 'the experiment-" 
tal gamine group as compared to the lecture-discussion control group. 
An important finding of this study was that low a^liicvc^rs in science 
benefit must from the gaming strategy. 

" Nimen (^A8 ) attempted to develop and test a Set of m.aterials tliat 
explored sophisticated - ^.^hysical ideas through the use of mathematical 
models as to the achievement ixi three are-as: th^ understanding of p^iy- 
slcal science, critical thinking, and. the ^knowledge^'Of the processejs of 
science. The experiment included 7b liberal arts students. The stu- 
dents of th,e exprrimeiital ; group , having the basic curriculum supplied 
by a mathematics models t-cxt, performed significantly better on the ' 
physics test than did the conttol group.' The critical thinking and ■ the 
knowledge of. processes of science- shov;ed ho. significant lif f erences . 



Schlicting and Frown (298) were interested in the effect of back- 
ground music on student performance. They used 225 students and alter- 
nated a series of 12 lextures and one hour , examinations all vjith back- 
{»round music with a similar series in which background music was lacKr 
Jng. The:i r results showed a significant difference in grades in the^ 
>'.roiip whiif:li 'had background music. There was a 4v6-^errent>^'^pT*:m'^eTTe!n'ir- 



01 ^'.ralcs. .'hey f.^und- l)'c. lypc ol mu.'.ic vas.vcry inuDrtaMt, as tu its 

cal , s ; ci> j/U'Ulnr nuir^ic, ^.rui J iv-; ir urne.nc L y^t'^ i.;ti s I c , 

In n St fly by /uljitr Lhe prob]<.'r. wa". to detfM':iine the- re- 
3.at:ivo c. f f cc i Ivciscs::) oi t l.r ^.''l* ':e^^ sy-'Lcn :ivA rho l r.'i(i 1 li on.j ] lecture 
sysLen; ol icli i n^/. basJ^' tul f '^''* t ry . A;r. Tc?;ult of the o:;pci'l~ 
mcnl:, it was connlncU-d i ;i'?itiic^r i^ysteni cf tcacikln^; '!)«'is.ic ctil .le.?',e' 
ciu'ivL^fry ; r-u;)!.- r i or t.i.i ilif oLher in l»rlni'. ii^; aloi.t sUulenl acliirve- 
nent (.>r lii^ j.::<;S j iv; criti'^-il (!;iitki.n:; f^Ui\iL^■ ]!ovcver, the note test 
systc^T- L(. -I'^h i I,;, 'ippc'circu l^.iv'i- .\ hotter L! :incci of s;.cccss than the 
ti'adn t ional cLr.re svsut^ \ r ItJim' -Iim^ uii^niL ch.i.l even-en t wht\n u.j.'d vjlh* 
h'Aj-^h anc! inecnnv, '>!>ility stuc'^nts. Lof..; ai^l'^Lty si'uijL'nt:s sccniod to do 
better undi'i the t rad i,/tion;<?} :.yi;to;i. !l appeared that tiiG note Lest 
systc'!;-. of tcochiiu' v;as e;uperic»r I v> the tri'dicicuKil 'ecturc s^'sten in 
pro'ducin.f*. hi^di \>o:;iLive attit\i'!e.s .^r.oLi^'. student;.; in all n^^lity levels 
toward the ^asic college ohunistry ronrco, - _ " ' 

. (''.0) ^ c^xamined tlu' el i. ; i voncss of the three lecture nor wepk 

method of t..;nc[r:n^ j^'.eneral odmrarion bioloc-'.y v/j Lb six alternative ap-; 
pruaches J.nvol^'i np, various: rc Jnc L Loii.;? in vt:ekly class attendance. In 
tlirec of tiie ox/^erlmen!. a] ^-rwups > Jei:L\irt:5: v;ere reduced in nun^her and 
siipp] eiv.cnten by reading::, '.-jwi.-: '.e>;;sion.^- , ^'^^ si udy juJxdcs., In the other 
tlire.c, attendance at Joctine.^- ^vu r-qvAired^ stndo'nts were a5-;sip,ned 

read.ir.gs, D'jt in seminar , am* v;ei'c ' tutored bv other studcntH. Tape, 
recur d'i ni'.?^ of leotnrL^s aivt rt-s^lew s« ss 'ons vero aval 1 ah 3 e to al] stu- 
dents. .\'o .■;i^j.r:i 1 it.ant difjeronces were fonnd on the altitude measures. 
On t.hc.rin;J cuntent test all expf-^rltnental p.roupi; achieved siKnif i can f 1; 
higher than Ih.^ control section, it way noted tliat the students^ ex- 
pressed approval oi an insti unti onal iDethod v^as noc alv7ays supported 
by tlieJr usl!' of^l'ne method when ava:ilab]e. 

Chanin (631 i.nvestiga led ^he relc^tive effectiveness oC tvo schedul- 
ing.', patterns, u.sinp -Gl^i students 'enroiled In r.n a lU' rod.uc t ory biology 
couj., . The naln variable v;as the lenp!^h and placement ot +i.L labora- 
tory period j.n re] ation. to^ the lecture. \sT^ll^^ both groups, ir.et tv:ice 
i^er v/eek for lecture, the control ^roup had one three hour , 1 aV)0ra tory 
^per vc'ek and the experimental group had^tv/o one and one-half hour lab- 
oratories per week.> e.ach period immediately followinj^ the lecture. The 
contiguous seni'-v;eekly sche:l'u.l ing pfittern (experimental) proved to be 
significantly superior ro the non^-contigudus ^,'eekly schedulinp, pattern 
(control) in reference to tudent achievement in tl^^ understanding of 
bioloj.^Jca"' knowledge anu : he ability to apply this tvnov7ledp;G to the 
soliT^tion c preblenis. With respect co achieven-.ent in the ability to 
think, erit icaITy~ea«JR provect"neqTTaidy-nef4^'C-t-i:V^ -■ . — . 

Wells' (351) study was used to determine v;hether general concepts 
which are coTmTiOnly taught by motion pictures could . te learned a*" effec- 
tively by sequential still photographs. There v:ere three modes used: 
.motion pictur^^.s, slides, a^nd sequential st;ill photop;raphs . VJIion all • 
the test scores were combiived across the study progra'»ns to analyze the 
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total efl'i-r iveness of tht^ t:hroe modci- of presentation, ihc analysis 
,fai]f.'<' to^ find any slr.ninrcint difforoiicos. Therefore, il v^as the con-. 
clii.-.ic o' author of i-hc sivicly., that a I i:har r.ciM.iin nedia wove 

mosl effe^-tivL. in present 1 n,-*^ specific concep:,s, .luarnin'r aid occur vi[h 
each of the three media, hence, the choice woviul noL ouly he ))asMd on 
ef f ec ti voDcss- In learning;, lait also ixyjow otlun- cducnticial deciFiona sucli 
as avaiiabi 1 i l-y , pur tabJJ.i ty ^.-^fxpense , and study tiir.e requited. 

Reed (2 7'/) conipared t he cf f uc tiv.eness . >■ ( 1 lie planu-tarinir and tlie 
:lassroorr. chalkboard and the co.ler^ u . ul globe in the loach inp of r.pcc.ific 
astT-ononii<'al concepts. -. u-:ed .jpproxlmat'.- :.y HOG stndonts LMirollod "'n 
a one semuijteL basic physlccil science coui:.;e. . lu each semester, thu 
siiulenl's were randomly divided ihuO r.vo r.roups . One group received the. 
chalkboard globe presentation .v;]iilc rhe oilier c.roup received the plane- 
tarium .p.retsentat ion of the s-ame ai;tronomical concept''s. Ou tiic' l^asis 
of }tis tei ts, .Reed concluded tliat tVie clv^ilkbo.ir.d f;]o])o teaching', situa- 
tJon vas r.ii^nii'icantly superior to the. plane l ^JirJ.uni teaching', situation 
Willi respect, to the immediate attainment and re'tention of specific 
co^'^nitive behavioral objectives': There v^as no differer.ce :i n the affec- 
tive domain between clialkboard' globe teacln'ng situations and ihe plane-- 
, tar i uni,, t e^ oh in^', r; i t\jat. ion . * o , ' 

Compara ti;- e_ Studies : Pro^^rammed Inst ruction a nd CAT ' 

The studies in this ^section are all concerned with some form of 
pruc^^iimied instruction. The iriajor prou]o was con<:<:tnea wilii aud.lo- 
t\itorlal n'.Gthods vhile some of t^he final studies were concerned vitii ; 
computer assisted, ins truction . Husband (153) uti]i;^ed the A-T approach " 
to answer, the questioii, ''Does the tnreat of a ^^rade ,in tlie oral qui/^ 
session have an effect on the amount oP sub.icct matter Teamed ?" Tlie 
experimental desif.n involved three raridonuy crio.i n ireatn^ent ^Toups. 
iu the first group there v;as an oral grade riiven v;)iere the instructcr 
selected which student v/as to respond. In^thc second gi *^un t)n-:re vras 
no '>ral t',rade ).'.ivc^n, the instructor still selectin^: which stuucnt v;as 
to respontl/ In the last proup there was no oral ^'rade riven and sCn- 
. dents were allowed to volunteer rather than he selected to respond. An 
analysis of tlie data indicated fhaL there was no- signi f icant difference 
in achievement bctv;een the three treatment groups.. 

Nor% (249) attempted .to assess the effect ot attendance reouire-- 
ments on achievement in audio-tutorial college biolo?>y. Attendance 
was compul .ry.for- the 1j4- members of the experimental group and for 

153 control group subjects it was non— cffmpt ory . Ana ly sis sko ved ^ in ; 

significant dirterefTce 15etv;een control and e.\perimental proup achieve- 
ment for either group. Approximately o-n^-half . of • the exper imental''"f',roup 
thought required attendance had worked to their advantage and recommended 
it for future classes. Only o^e-fifth of the control group were of this 
opinion. 
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Anot'iier study involving A*-T techni q.ues was done .by Sieira:ikbwski 



(31;:)'. . The hyppthci-iii; he ■attempted "to test was whethor t\\e. aut 
teyiiing process was^ superior to convcntioncil- instructions in. t 



o-naccd 
?rnis of 



1) e chiev^ment in a Dhysical scibnce course, 2) .attitudes of students 
towards p:iy.sic<ii.l .science, 3) understanding tl^.e nature and pro.ce!?;ses of ■ 
sci. uce; A), ability to-^o c.lei.ientary school science ...teachinp, unit plans, 
and I>) ".tiine required by student^; to complete assipninents in the course. 
The auto-paced teaching proccrss comhjjicd mr-t-hods Uvsed in team rcaciiinp, 

•larre groivp instruction, programed iearnint;, and* audlo-tutorinl inde-- 
pendent sru'cly-,- *7^s ■ one result, the auto-paced j^roup took 28 percent • 
lesj." ti.me tp coiriplete .the as'sl ['.ncd', tasks, yet achieved as. well as or 
better tlum the control , f: roup indicating this was a-, niore efficient tcTich- 

. lagaiiuthod-./... ,' . , * -l- ■ • 



Tlie next two studies are involved with programmed .and c.om.])uter 
assisted instruction. Castleberry (63) studied r:he develcjpwent ;a;id -eval- 
uation of comj.uter assisted inr.ttuction projp.rams. on selected topi;cs iri 
introductory collu^.^e chemistry. Data showed -.that the computer assisted ■ 
instruction programs aided the . acquisl'tion of , the behavioral obi ecti. ^»es 
and had a' s ignif ica.nt' effect on the final exaininarion score. ■ Soiv.e .con- 
founding; factors of test reliability and validity limited renerali:?at ion. - 
. fxouLJriiCL. data.. . ■ — - ■ ■ - 1— — . 



Yo\ui3 (399) compared supple:mentary programmed and conventional 
meti.iods of instruction in teaclring freshman chemistry. ..The ' population 
for the sLudy- consisted of 321. studenr.s , ' of whom llA were in the^exueri- 
irental group and 207 v;ere -in tht: ccpntrol group'. No si|;nificant differ- 
ence in achievement was found' for the^groups. Students acliieved iii[;]ier 
on cumulative and. minimum attainment tests when supplcmentaTry programmed 
materials were used in general chemistry. Responses' indicated that the 
majoiityof s tudcnts reacted . favorably . f,q the supplementary prop;ram,med. 
materials, , - ■. . ' ■ " - ' 



Compara.tive Studi es: . Behav ioral Objec t ives ' ^ 

. ■ . ■ . ■ , , ■ ■ ■ ■ - ■ . ■ . ' . 

...'he last . three comparc.ciive studies to be reported involve b.ehavioral 
objectives." Merrill (223 ) inves.tigated the effects of the availability 
of behaviorally started objectives on the learning process. The presen- 
tation of objectives w^as expected' to reduce the number of examples and 
the amount of time required to" Ireatn the task , facilitate perf orm.aiice| 
on transfer-retrieval criterion measures and reduce the requirement for 
memory cind reasoning abilities. ''On the basis of the. results of this j . 
study, it was concluded that objectives had orienting and organi2ii>g \ ' 
_eXf4^c-t;^-avr344€44-~>44rS-pe s at tuud tu> t o '^rocess-^ and t0?struc~ 

ture relevant" informatioji in accordance with the given . objectives 

Boardmari (A6) designed h..s study to test whetlier ah advancedV know-, 
ledge of behavioral^^objectiVes' would enhance students! learning. ""V Three , 
remetllal chemistry classes v;ere randomly divided into four gro\ips.\ 
Croup A receivpd ] > a c ke t s_c on tju nine b c h av i o r a L ob j e M v p ^ ^ -r p 1 ^\±Aji^.^\^t.?<il^ 
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the UM.i L nndcM- stuciy aad alteiidcsl lecture and .1 ahoratorv .. Group P. re- 
ceivc'(] pc;'Ki'i:> liontainin}?, bc/hriv loral ob j oc t: Lves but: d.i(' not /lU.Oiid Ir.r- 
t.urc and ..alKjriiLoi-y . Group" C rcrel\;rd racist, i r. co'nt ni n i nr, a par'- raph 
on ^1 cliom.cnl topic uni-ckuod t:o tlio matcriar undcir study (a p.laccbu). 
T-lii^: p.roui^ attfuuled loctu and Jaboratdry. Croup ]) rrcoi.vi'd pr»«^^c;Ls 
conl rj inin*- plru-elios but did not attend lecture and . lah- rato.i v . Annly^sis 
of \'ar:ian<e s]i.t)v;c;d no si^nirir.ant diffciinrc in th^' aci . U'VC'nu;.r t arirnf 
stucieriL.s rbo n-culved bclinvioral objucti vas v.'l'iorb.ur tin v riLtcndod lec- 
ture and .aboratory or whotlier tliay did .not. Also, tli. rc: was uo s.rnJf- 
icant dift creucc in tlie ach LevcD'ciU- of stud.unts who rci '^•j.vcd a ulacebo 
whetlicr n ^lot . Miev ai tend', -r l l ev'.tur e. and l.-ihorar nry , . un'o \;as no^ 
signif j carMf ILirCruncc between yj 'ps vn'tb behavioral oh jectivcs and 
those wi tl.'nit . 

Coo.k (8.1) investigated the question, f a f;!ronp c.f stude.nts is 
informed cf the behavioral objectives in the learn.i.ng hierarchy of a 
unit 1^ ;t r\ic.vi o' and anptner j^'.roup of .students receiving', tlie Mar.ie unit 
of instruftJiMi is i*ot so fnfornred, will there be diffe ren&:es in eifect 
on learnLi,;/, and retention?" Kigljty-oij^iit elentntary education- rrajors 
in a iour year coll-e^;.e were blocked on .ability level's »*iad randomly m-,- 
irlrgired "trr'f e'lT' TrcatnvLuTirsT'"T7]r^^ uiTfc rcnt' JnCorniation about 

the beliavjoral ol^jectives in the hierarchical learning sequenct'S , aj 1. 
four ^p-Quj-.r, rteeivod tFie .s/me set of self-instructional text i::aterial3 
covering a naiiicU'^rit ical ur;it of instruction. Th.ere \;ere no' siy.nif Leant 
dif f eren<.^f-s resulting froir. tht f our , treatn;ents on suudcnt uv'-^rall per- 
formance. Hov.'ever, the f our - tre^jtinents resulted in significantly dif- 
lerent ratu3 oJ forget tiiiji . v^roup scores' of students i/'no vere ^Mv^en 
statements cff each activities^, objective shoved a positive j^ain in per- 
formance ov'er Line. Hov;ever, the resales of ^his study do .not supDort ' 
the ttiesis that informing .studeiits of .'he behavioral objectives and/or 
learning hierarcliy could enV-jance their pt'.r f oi-niance on an irr.r::e<li ate 
athievemenc test. . . 

Su mnia ry . ^ Tlie major ohser\'ation of the comiiarative i.'"'jd?es is that 
re^-^ar.cher T are trying nev; thinj":^s and atteinptinp: w.o test them, r'any rr- 
sult an "no significant difference/' but this \no.y be because- \:c arc pre- 
sently unable tx> measure the dif f crenret^ . Also, the affccrivc areas" 
are bei.np, s'ressed rnu'-^h more.- The trend seei-.s to be *o offer several 
altevua t ives to students since there appear to, be no si^:nificant dif- ' 
ferencc: in ttie results. 



SUMMARY 



Resccirch jn ncienco education in 1970 vas ciiaK':ictvri?.ed by p.rent 
varder.y . and an abundance of sLiulit^s. .It appears Liiv"iH; liio qunntity o** 
researcli -in Lhe fir^ld vncrcnsed nuirkecLly. (total of '^o\ studies, in '19'/0' 
versuj ^i 75 -studies; in two previous yGars\--196;!-69) . Ai^proxirr.ately one-- 
slxth.. of t'le 1970 studies d.calt \jith korne aspect of ne.v.- currlcuiun pro- 
:jacts, mainly at. the ele.mantar\'^ and secondary' Icvc-is , 

Areas of ibdividuali zat-ion of instr/actiOi- , Pia^^f't studlVs, atti.-^- 
tude "inecji^OrcviienC, inquiry tericliin^s ^-^^^f- iaLeraction analysis rW.eivcd 
incrcia.i:cd attention^ vjlrile tlio. traditioiial £frcas'-o'f -curriculurn , t uadi'- 
ing Tnethods', and uvaliiat:io]\ continued at 'a higi. level, 

■ An' honest assessment ...of . tiie quality of the rcsc^arch effort^;, can 
only yi.eld disappointing cdiclusions . The raajority of research Is. sho^t- 
term'", .1 oca l.izcd ^ and . pf ^questionable val ue In. tiie overall advanctV---^n't 
of 'more e f :■ ec ti\^e; science education- Over . seventy . percent ' or th^--- stud-' 
ies wGxCt first efforts (doctoraJ. dissertations). .VJhilO' this stalV^cnt 
is TJot iTsea:rt--t-0"demean/fc]u^ qvvali ty of ■ disscrta research- genej-a.l lyT 

3"t7I}i"Tie\te? tir^ studies are f renuent J.y . based oh ■.;~-n'all 

samples,, a itack "small scale' probleri.s of i'i specif ic- nature , and in pany 

.cases reply... upon investigator-developed' ins.tru:;i.ents. Ihv. reliability, and 
validit'-y- o.i vhich may be suspect- ' " ' . ' ■. ; * ' 

.. At- the. sanie tiir.ej- it is encouraging to note the obviovys ^/rowtli of 
interest, in science . education research as indicated by .uhe proD^if crla- / 
tion of ■ -st'tdles ■ in the past few years. yAiso, tlie type of ■ problcirs ho- 
ing. a titacked bas broadened to .iriclude areas considered- hebulKTius or - too 
difficult in thepast^ such as -attitude, assessme.at creativity .nu-iasure- 
irie^t>«and teacher-pupll inter ac tions . " This Iz^ hcalth^^: . sij7n and . indi- 
cates a'vip.or ■''hich \has potential - for grov;th and develc>:>:ivjnt in unchart- 
ed. directions ' science education research for the futur^^. 
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